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In the course of reviewing the material for a general 
work on evolutionary processes in relation to cytology it 
has been necessary to consider the reduction or matura- 
tion division in a number of animal forms. This pro- 
cedure was essential because of our lack of information 
in this important field, especially of a comparative na- 
ture. An important theme in this connection is the 
cytology of parthenogenesis. On the plant side the sit- 
uation is clear and throughout, in cases of parthenogene- 
sis, an extremely abnormal reduction division is found, 
presenting a detailed resemblance to the maturation 
mitoses of known hybrids. It has accordingly been very 
generally admitted in recent years on the botanical side, 
particularly for the higher plants, that parthenogenesis 
is intimately related to previous hybridization. In the 
case of animals the most important general situation is 
presented by those forms which are at once bisexual or 
hermaphrodite and at the same time parthenogenetic. 
Unfortunately, this group on the animal side is a very 
restricted one, since animals in general are unisexual. 
The forms most readily available in the present connec- 
tion are the flat worms and such nematodes as are 
parthenogenetic. On account of lack of material the 
latter group has not been as yet investigated, but the 
present contribution will deal with the reduction division 
in tapeworms and flukes so far as it is illustrated in the 

481 


| 


482 THE AMERICAN NATURALIST [Vou. LXV 


material already examined. It is important that these 
forms should be reinvestigated in the light of our greatly 
increased knowledge of the cytology of reproduction. 

It will be convenient to begin with the common liver 
fluke, Fasciola (Distomum) hepatica. This is a form 
easily available on account of the fact that it is very com- 
monly present in the liver of the domestic sheep. Vari- 
ous methods of preservation have been tried in this con- 
nection as the animal, as is common with parasites of this 
sort, is difficult to preserve adequately. Bouin and other 
formalin fluids have been used with indifferent results. 
The best preservation was obtained throughout with 
Carnoy’s formula, 6 alcohol, 3 chloroform, and 1 glacial 
acetic acid. At first the worms were flattened before 
being treated with the reagent, but it was found that it 
was better to immerse them in the preservative and flat- 
ten out afterwards. After the material was washed in 
several changes of strong alcohol it was transferred to 
equal parts of aleohol and glycerine in which it was left 
for a few hours. Subsequently the animals were laid 
down on stiff pieces of cardboard and an abundance of 6 
per cent. nitrocellulose was dropped over them. After 
the nitrocellulose had dried slightly, a piece of heavy 
paraffined paper of the same size as the cardboard was 
laid over the animal, then a glass slide on which were 
placed lead weights to flatten the creature. After the 
nitrocellulose had set, holding the object firmly to the 
eard, the paraffined paper was wrapped around in two 
directions with fine white thread, number 50 or 60 gauge. 
The objects were then dropped into strong alcohol and 
afterwards pricked with a fine needle, No. 12, mounted in 
a cork. The pricking is for the purpose of allowing per- 
fect penetration of the nitrocellulose and is essential for 
obtaining the very thin sections which are necessary. 
After the worms have been pricked they are put into 
absolute aleohol and carefully pumped with an efficient 
air-pump. The ordinary water-pump is not powerful 
enough for satisfactory results and an electric pump 
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must be used for good results. The material is then run 
up on the ecards in nitrocellulose and embedded after the 
manner described recently by the present author.t. After 
embedding, the sections were made with a sliding micro- 
tome and these should be 5 micra or thinner. The most 
satisfactory stain was Heidenhain’s iron haematoxylin. 
Counter-staining was not found advantageous, as it 
tends to obscure the details of mitosis. The figures are 
fairly large in this form and have already been the sub- 
ject of investigation in recent years by Schellenberg.’ 
Just as in the famous case of Drosophila melanogaster, 
however, his investigations lacked the background of re- 
cent developments in the general cytology of meiosis, 
particularly in plants. The tendency in the past has 
been to disregard abnormalities in the reduction division 
and to search for figures which were normal in character. 
This tendency was quite correct before the cytology of 
known hybrids and variable species had become as 
familiar as it is at the present time. It may be stated in 
a general way that there are many abnormalities in the 
meiosis of Fasciola hepatica. There is also a great deal 
of sterility, many of the clusters of mother cells break- 
ing down in the course of development. Both the irregu- 
larities and the sterility found here are of the type 
characteristic of known hybrids. 

Fig. 1 shows two typical primary spermatocytes of the 
species under discussion in the metaphase. It can read- 
ily be seen that, in the two cells figured, a number 
of bivalent chromosomes are clustered more or less regu- 
larly at the equator of the spindle, whilst towards the 
poles lie a considerable number of univalents. This 
mode of division is extremely abnormal and exactly 
duplicates that found in known hybrids. 

Fig. 2 shows the anaphase in two elongated cells which 
converge. The plane of section has removed some of the 


1‘‘Technical Contributions,’’ Botanical Gazette, lxxxvi, 4, December, 
1928. 
2 Arch. f. Zellf. 6: 443-484, pls. 24-36. 
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chromosomes at the lower ends of the two spindles. In 
the upper region numerous univalent chromosomes are 
present. Additional univalents are scattered on the 
spindle in the region between the poles. Here again we 
have the type of anaphase which is characteristic of 
hybrids and variable species. 


iis 


The division of the secondary spermatocytes is much 
more regular and in the metaphase it is very often diffi- 
cult to eatch any lagging chromosomes. These are more 
commonly seen in the anaphase, as is shown in Fig. 3. 

It will be seen from the above that in many eases the 
reduction division in the common liver fluke is extremely 
abnormal and presents those features which are charac- 
teristic of hybrids. It has been objected that occasional 
abnormalities are of slight importance. To this it can be 
replied that in known hybrids there is a considerable 
variety of variability in the meiotic mitoses. Some of 
these are quite normal, whilst others present varying de- 
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grees of abnormality. Often in hybrids it becomes neces- 
sary to search for the abnormal meiotic features which 
may be present in such forms. The present writer has 
pointed out that, however irregular the meiotic divisions 
may be, in hybrid forms the somatic mitoses are in gen- 
eral extremely regular. This general situation is of 
course important in connection with the known greater 
stability of forms of somatic origin. 

It will be well at this stage to refer in some detail to 
the life history of the common liver fluke, Fasciola 
hepatica. The eggs, on reaching water, develop into a 
ciliated embryo (Fig. 4, first from left) which contains 
a rudimentary ovary internally. These ciliated forms 
swim about in water or make their way over the surface 
of vegetation bordering water, whence they penetrate 
into the bodies of snails. They are, for example, com- 
mon in our larger Limnaeas. Here the ciliated form de- 
velops into a so-called sporocyst (Fig. 4, second from 
left). From its rudimentary ovary develop embryos 
parthenogenetically. Since the mother is immature the 
parthenogenesis in this case comes under the heading 
of paedogenesis or infantile reproduction. The embryos 
formed inside the sporocysts escape and in general give 
rise to a somewhat higher type known as redia (Fig. 4, 
third from left) which possesses, contrary to the sporo- 
eyst, a sucker and a rudimentary intestine. Inside the 
redias are produced tailed forms with hooks and suckers 
known as Cerearia (Fig. 4, fourth from left). These, in 
contrast to the preceding phases, are quite active and 
escape from the snail, becoming encysted on grasses, ete. 
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Sheep eating these grasses absorb the encysted Cereariae, 
which develop into the completely sexual stage known as 
the liver fluke, Fasciola hepatica. This condition of het- 
erogenesis is extremely common in 
parthenogenetic animals, being exem- 
plified by many species of insects, 
such as Aphids, Hymenoptera, ete. 
The cytology of these forms is being 
reinvestigated in the light of more re- 
cent developments, and an account of 
it will be published in a subsequent 
article. It may be stated prelimina- 
rily that the results obtained entirely 
correspond with those found in par- 
thenogenetic plants. 

Fig. 5 shows the mature animal 
of the common liver fluke, Fasciola 
hepatica. The only details of struc- 
ture which need be emphasized in the 
present connection are the organs of reproduction. In 
the upper part of the figure is shown the much convoluted 
ovarial system containing the young and developing 
eggs. Mainly in the lower part of the figure and in the 


LER 


t 
> 


a 
oe 
NUE 
aR 
f\ 
¥, 


No. 701] MATURATION MITOSES 487 


center of the body are found the much branched testicu- 
lar organs. It is these which show most conveniently the 
maturation divisions in material fixed in the appropriate 
stages. 

We may now turn our attention to the situation in 
tapeworms. Fig. 6 shows the general organization of 


one of the segments in a tapeworm. Obviously, as in the 
fluke, the two kinds of reproductive organs are present 
in the same animal. Commonly the sperms develop more 
rapidly than the eggs, and in a fully matured segment of 
a tapeworm the spermaries are no longer present, the 
body being occupied mainly by developing eggs. Fig. 7 
shows the meiotic conditions as illustrated by primary 
spermatocytes of Moniezia expansa, the common sheep 
tapeworm. The sperm mother cells in tapeworms, so far 
as they have been observed by the present writer, are 
extremely small and the reduction division is correspond- 
ingly difficult to discern. By using very thin sections, 
extremely brilliantly stained, it has been possible, how- 
ever, to make out the essential features in the first 
division of the spermatocytes. Fig. 7 shows such a 
division extremely highly magnified by the use of a milli- 
meter and a half Zeiss oil immersion, a reasonably pow- 
erful ocular, and a powerful ribbon filament light. It is 
clear that in all the four cells depicted in the drawing 
there is striking irregularity present. The chromosomes 
are in general bivalents, although some univalents seem 
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to be present. Instead of being gathered in the equator 
of the cell as is the normal situation for bivalents, and 
thus constituting the normal metaphase, they lie in vari- 
ous positions on the spindle and present in fact the atypi- 
eal reduction division which is characteristic of many 
known hybrid plants. A similar condition has been de- 
scribed by the present author in the case of Drosophila 
melanogaster.’ The results in this case at first were 
strongly questioned by other observers, but now there is 
general agreement that the present author’s results are 
correct, although there is still difference of opinion as to 
the conclusions which should be drawn from the ex- 
tremely abnormal mitoses of this much investigated 
species. 

The anaphase in the case of Moniezia is difficult to 
catch, but the same disorderly arrangement of chromo- 
somes, which are now for the most part univalent, is 
present also in this stage. The secondary spermatocytes 
are so minute that it is extremely difficult even with the 
highest power to make out clearly the details of mitosis. 
It has not been thought necessary to figure them in the 
present connection, especially as the divisions of the sec- 
ondary spermatocytes are in general much more regular 
than those of the primary ones. 


3**Evidence as to the Cause of So-called Mutations in Drosophila,’’ 
Genetica, vii: 273-286. 
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It will be clear, if the above descriptions are correct, 
that in Moniezia extreme irregularities are present in the 
reduction division. An ever wider range of accumulated 
facts makes it more and more obvious that abnormalities 
in the reduction or meiotic or maturation divisions in 
plants and animals are of the greatest theoretical impor- 
tance from the standpoint of the doctrine of descent. It 
is of interest to note in the case of the tapeworm under 
discussion that the reduction divisions present a close 
parallel to the reduction divisions in parthenogenetic 
flowering plants such as the dandelion, the hawkweed, the 
fleabane, the broomrape, ete., ete. It is practically uni- 
versally conceded that the abnormalities in meiosis in 
hybrid flowering plants indicate hybrid origin for such 
forms. There can be little doubt that a similar conclu- 
sion should be drawn in the case of the paedogenetic para- 
sites under discussion at the present time. 

It will be of interest in the present connection to dis- 
cuss the general relations of so-called diplogenesis. This 
phenomenon is presented by aphids, bees, wasps, flukes, 
tapeworms, ete., ete. It is sometimes not very aptly des- 
ignated an alternation of generations. That term is best 
restricted to the conditions found in plants where there 
is a distinct alternation of generations, the two being, in 
general, cytologically distinct from one another. In the 
ease of diplogenesis, however, although the method of 
reproduction varies from parthenogenetic to sexual be- 
tween the phases, the cytological constitution in both 
types is the same. The diplogenesis of the Hymenoptera, 
aphids, ete., differs from that in the forms under discus- 
sion in the present article in one very important respect. 
The first-named forms are unisexual, whilst the parthe- 

‘nogenetic types under discussion in the present article 
are hermaphrodite. That constitutes an important dif- 
ference and its theoretical significance has been recently 
pointed out by Wilson: 

‘“Special Peculiarities of the X-chromosome: In the 
earlier stages of development, and in the division of the 
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somatic cells generally, the X-chromosome does not, so 
far as known, differ in behavior from the others, nor do 
the two sexes differ in this respect. In later stages, on 
the other hand, the X-chromosome in the male germ-line 
shows certain special peculiarities of behavior which 
sometimes appear in the spermatogonia and are almost 
always present in the spermatocytes. In the female line 
these differences do not exist, or are much less marked.’”* 

It is to be emphasized that Wilson has noted the dis- 
tinction between the conduct of the chromosomes in the 
meiotic mitoses of parthenogenetic forms and the somatic 
mitoses. As far as the writer is aware he is the only 
zoologist who has clearly emphasized this important dif- 
ference. The present writer on several occasions has 
pointed out that in known hybrids, however irregular the 
meiotic mitoses may be, the somatic divisions are in gen- 
eral quite normal. This parallelism suggests a fruitful 
comparison. It is very generally held on the plant side 
that parthenogenesis and indeed also apogamy are a 
sequel of hybridization. It would be strange if a differ- 
ent situation were presented by animals, especially as 
there is an enormous amount of supporting evidence for 
the hybrid hypothesis on the plant side. Wilson remarks, 
as indicated above, that the test of the sex chromosome 
theory of parthenogenesis, as held generally by zoolo- 
gists, is presented by the meiotic mitoses in hermaphro- 
dite animals. It will probably be clear to the reader who 
has perused the foregoing paragraphs that in the out- 
standing hermaphrodite types illustrated by the flukes 
and tapeworms the same lagging chromosomes are pres- 
ent as in unisexual forms. It clearly follows that such 
lagging chromosomes can not be properly regarded as 
sex chromosomes but that the most reasonable interpre- 
tation of them is that they constitute an abnormality fol- 
lowing previous hybridization. This general statement 
seems to cover, however, only sex chromosomes of the 


4‘¢The Cell in Development and Heredity.’’ The Macmillan Company, 
New York. Third edition, with corrections. 1928. 
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univalent type. In those sex chromosomes which are 
represented by a diverse pair it is quite likely that there 
is some relation between the chromosomes and the fune- 
tion of sex. It will probably turn out to be true in the 
long run that all univalent sex chromosomes should not 
be designated as such, but should be considered as lag- 
gards indicating previous hybridization. 

It would seem probable, then, that the cytological in- 
vestigation of meiosis, in the two representative forms 
described in the present article, indicates that for ani- 
mals as well as plants the explanation of parthenogenesis 
is previous hybridization. Although there may be a pos- 
sible doubt in the case of unisexual animals, there can 
searcely be any question where hermaphrodites such as 
Fasciola and Moniezia are concerned. When an exten- 
sive study of aphids has been completed it will be clear 
that current zoological hypothesis of parthenogenesis 
even in this group as dependent on sex chromosomes 
must be abandoned because of its unworkability. 

The general investigation of meiosis in plants and 
animals seems to be destined to throw an extremely im- 
portant light on the cause of evolutionary change. In the 
case of many animals and plants the maturation divisions 
are of what may be called a normal type, in which there 
are regular metaphases and anaphases. A marked de- 
parture from regularity is found in both hybrid and 
parthenogenetic types. It seems appropriate on the evi- 
dence here supplied to add to these diplogenetic and 
paedogenetic forms such as the tapeworms and flukes. 


CHICK MORTALITY AND SEX-RATIO IN THE 
DOMESTIC FOWL 


DR. WALTER LANDAUER AND ANNA B. LANDAUER 
Storrs AGRICULTURAL EXPERIMENT STATION, CONNECTICUT 


Ir is a well-known fact that in man during childhood 
male mortality is higher than female mortality. This 
‘greater male mortality is responsible for a gradual de- 
cline of the sex-ratio from birth to puberty. 

It appears that no observations have been made as yet 
concerning the relation between postnatal mortality and 
sex-ratio in the domestic fowl. Since such information 
aside from its immediate interest may be of theoretical 
value for the explanation of selective mortality in gen- 
eral, we have undertaken to analyze the mortality rec- 
ords for the first two months after hatching of the chicks, 
which at this station were hatched for experimental 
purposes during the years 1922 to 1930. Approximately 
19,100 chicks were hatched during this nine-year period. 
About 9,500 chicks out of this total belonged to a large 
number of crosses which were made for the genetic 
analysis of various morphological characters, while the 
remaining 9,600 chicks were Single Comb White Leg- 
horns. The Leghorn chicks belonged to inbreeding ex- 
periments carried out by Dr. L. C. Dunn and were partly 
derived from brother by sister or half-brother by sister 
matings and partly from crosses between unrelated indi- 
viduals. 

In tabulating the death records all cases of accidental 
death (due to crowding, predatory enemies, drowning, 
and so on) were omitted; these amounted to approxi- 
mately 5 per cent. of the total mortality. There was also 
a small number of chicks which could not be sexed be- 
cause they had lost their identification bands or were 
decomposed before they were found. Most of the chicks 
were hatched during March, April and May. There were 
some small hatches, however, which came off in January 
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and February and in June and July. These were in- 
cluded, since several authors have shown that there is no 
significant seasonal variation in the sex-ratio of hatching 
chicks (Lambert and Knox, Horn, Lambert and Curtis). 
The mortality was tabulated separately for the first week 
after hatching, the second to fourth week, and from the 
beginning of the fifth week to the end of the second 
month of postnatal life. After the second month chick 
mortality usually was low and it was not expected that 
sufficient numbers could be accumulated from our ree- 
ords to detect significant differences between male and 
female mortality. 

Tables I and II give the actual figures of males and 
females and the percentages of males which died in each 
year among the cross-bred and the White Leghorn 
chicks. The cross-breds with a total mortality of 2,329 
chicks had a sex-ratio of dead chicks of 53.8, 52.9 and 52.4 
per cent., respectively, during the first week, the second 
to fourth week, and the fifth week to the end of the sec- 
ond month intervals. The corresponding figures for the 
sex-ratio of dead chicks among 3,354 Leghorn chicks are 
52.8, 51.6 and 54.6 per cent., respectively. For the com- 
bined material we have records of 5,683 dead chicks 
(from a total of 19,100 chicks hatched) with the following 
distribution: 


Difference 
Percentage from 50% 


Males Females 


diff. 
First week 539 473 53.3 + 1.06 "fe | 
Second to fourth Week oo... 1676 1541 52.1 + 0.59 3.7 


Fifth week to end of second month 781 673 53.7 + 0.88 4.2 


The departures of these sex-ratios from equality exceed 
at least slightly three times their probable error. During 
the entire period of the first two months of life the male 
mortality amounted to 52.7 + 0.45 per cent. This devia- 
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tion from equality amounts to six times its probable 
error. 

The significance of these deviations from chance mor- 
tality is considerably strengthened by the fact that there 
was a slight deficiency of male chicks already at hatch- 
ing time. Dr. L. C. Dunn in an (unpublished) analysis 
of a part of the data used in this report found among a 
total of 5,421 Leghorn chicks 2,633 males and 2,788 
females, corresponding to a sex-ratio of 48.57 + 0.46 per 
cent. males. Among 2,638 cross-bred chicks he found 
48.59 per cent. males. These figures are in close agree- 
ment with those reported by other investigators.* 

The sex records for the mortality of chicken embryos 
are conflicting. Some authors (Lambert and Knox, 
Horn) found a higher mortality of males, while others 
(Jull, Lambert and Curtis) observed a greater female 
mortality. Probably in no ease a sufficient number of 
embryos has been observed to detect significant devia- 
tions from an equal mortality of the two sexes. If in the 
fowl there is equality of the sexes at fertilization (pri- 
mary sex-ratio), as all authors seem to assume, then the 
significant deficiency of males among almost 68,000 chicks 
observed at hatching time would suggest that there is a 
slight majority of males among the embryos which die. 
At any rate, it seems safe to say that if any differential 
mortality occurs during embryonic development of chick- 
ens, it is the male sex which suffers more; if this is so, 
the same conditions which from our records appear to 
prevail in postnatal life, would already exist before 
hatching. 


1 The combined figures of all available observations (Darwin, Field, Pearl, 
Crew and Huxley, Jull, Mussehl, Lambert and Knox, Horn,' Lambert and 
Curtis, Dunn, Callenbach, Christie and Wriedt, and Jull) of the sex of chicks 
at hatching amount to 67,993 chicks with 33,162 males, corresponding to 
48.77 + 0.13 per cent. males. This deficiency of males exceeds nine times 
its probable error, and it can not be doubted, therefore, that in general 
there is already a deficiency of male chicks at hatching time. 
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It appears that no evidence is available at present 
which can be used for the explanation of the greater male 
mortality among human infants. Lenz, Huxley and 
Schirmer have put forward the hypothesis that recessive 
sex-linked factors with a slightly deleterious effect upon 
the viability account for the greater male mortality. 
Huxley says: ‘‘Since the male mammal is heterogametic, 
any recessive factor borne in the X-chromosome will 
take effect in all males carrying them, whereas in females 
both sex-chromosomes must carry the factor before the 
corresponding characters appear.’’ Huxley believes 
that circumstantial evidence for the correctness of his 
explanation is to be found in the fact that adverse con- 
ditions seem to intensify, favorable ones to neutralize the 
differential male mortality during pregnancy (Parkes, 
Punnett). Furthermore, he thinks that this explanation 
‘‘also provides a basis for the fact that male secondary 
sex-ratio is higher in the offspring of young than of old 
mothers and higher in first births, decreasing at each 
subsequent pregnancy.’’ The lower male secondary sex- 
ratio of illegitimate children and the higher one of the 
Jewish population, Huxley likewise explains with this 
hypothesis, assuming that differences in prenatal care 
will aggravate or counteract to a certain extent the 
harmful effects of recessive sex-linked factors. The 
higher percentage of males found by Little (and before 
him by Pearl and Pearl) among children of wide racial 
crosses as compared with the sex-ratio of relatively pure 
stock is explained by Huxley as being due to heterosis, 
‘‘enabling the males to resist the deleterious effect of 
harmful sex-limited factors.’’ 

If harmful sex-linked factors are assumed to be the 
cause of higher male mortality in human infants (and 
embryos), then we should expect to find the reverse sit- 
uation, higher female mortality, in animals like chickens 
in which the females are the heterogametic sex. Actu- 
ally, however, we saw that in chickens as in man the post- 
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natal mortality is higher in males than in females. If 
there is in chickens any differential mortality during em- 
bryonic development, as is suggested by the significant 
deficiency of males at hatching, then again it appears 
that the situation is the same as in man. In view of our 
evidence from chickens the general explanatory value of 
the hypothesis of Lenz, Huxley and Schirmer becomes 
rather doubtful, although it is quite possible that sex- 
linked factors play a minor role as a cause of differential 
mortality. We must look for an explanation which can 
be applied equally well to man and fowls. 

For most, if not all, classes of higher animals it ap- 
pears to be characteristic that the males have a higher 
basal metabolism than the females. The work of Riddle 
and others makes it probable that this metabolic differ- 
ence in one way or another already begins during embry- 
onic development. The life span of any mechanical 
engine under otherwise constant conditions depends 
upon the speed at which it is run. Speed that falls above 
or below the optimum means greater wear.* The as- 
sumption that generally the basal metabolism of the 
female sex approaches optimal conditions more closely 
than that of the male would furnish an explanation for 
the greater infant mortality of organisms as far apart 
as man and domestic fowls. In a physico-chemical sys- 
tem the life span of a mechanism under otherwise con- 
stant conditions varies with the rate at which reactions 
take place. Seen from this view-point, the male again 
would be at a disadvantage. The acceleration of chemi- 
cal reactions corresponding to the higher metabolic rate 
must mean greater wear on the physical parts of the 
organic machine. It appears also from recent work with 
pigeons (Riddle, Christman and Benedict) that the basal 
metabolism of males is more easily and to a greater ex- 
tent upset by unfavorable conditions than is that of 


2There are probably engines in which the optimum is at or near the 
minimum speed. This, however, is taken as a special case of the general 
rule. 
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females. This finding points to the conclusion that in 
the male organism processes take place with a lesser de- 
gree of stability which again would involve a greater 
amount of wear through necessary readjustments. There 
is considerable evidence in favor of such an explanation 
of the differential mortality of males and females, most 
of which may be found in Joyet-Lavergne’s recent book. 
Working with Daphnia magna MacArthur and Baillie 
found that the males have a higher metabolic rate than 
the females. They found, furthermore, that the males 
of this species have a more rapid heart beat than the 
females. On the basis of this and other evidence Mac- 
Arthur and Baillie suggest that the shorter life span of 
the males of Daphnia magna is to be explained as a con- 
sequence of the existing metabolic differences. 

In addition to this instance in which a direct associa- 
tion could be demonstrated to exist between the metabolic 
rate and the speed of functioning of an organ there is 
ample evidence for the conclusion that the higher meta- 
bolic rate of males is not compensated by a different or- 
ganization of the organism, but is actually brought about 
by a more rapid or more continuous functioning of the 
organs and cells of the male body. Most of the work, for 
instance, that has been done in connection with Manoi- 
loff’s reaction points to this conclusion. 

It appears that there are no observations on record 
which are inconsistent with the assumption that the 
higher metabolic rate of males is produced by a more 
rapid or more continuous performance of organs and 
cells of the male organism, and if the latter conclusion 
is valid, our comparison between the life span of or- 
ganisms and of mechanical engines appears reasonable. 

The observations which Lenz, Huxley and Schirmer 
adduce to strengthen their hypothesis would fit equally 
well into an explanation on the basis of differences in 
metabolism—as, in fact, they would fit into almost any 
other physiological explanation. Until new evidence is 
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forthcoming, these sexual differences in the rate and sta- 
bility of metabolism are offered as a working hypothesis 
for the understanding of differential mortality in the two 
sexes. 
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LINKAGE IN SIZE INHERITANCE 


C. V. GREEN 
Roscoe B. JACKSON MEMoRIAL LABORATORY, BAR HARBOR, MAINE 


In reports of a previous investigation on size inheri- 
tance and growth in a mouse species cross, the author 
(1930, 1931) noted indications of linkage between general 
size and color characters. Since such linkage had never 
been demonstrated in mammals it was considered advis- 
able to continue work along this line in an effort either 
to confirm or to disprove its presence. 

The animals used in the present investigation were of 
the same stocks as those previously employed: a small 
Chinese species, Mus bactrianus, and a large inbred race 
of Mus musculus. The former when adult weigh but Lit- 
tle more than half as much as the latter, while all other 
quantitative characters studied likewise have lower 
values. Tables showing mean values for quantitative 
indices of the two species were given in one of the papers 
cited (1931). The two forms still retain the same rela- 
tionships, although for some reason not clearly under- 
stood the absolute values of both are now lower. 

In addition to size differences the smaller species pos- 
sesses the dominant color genes for white bellied agouti 
(A"), black (B) and intensity (D); while the larger has 
the recessive allelomorphs, non-agouti (a), brown (b) 
and dilution (d). Herein lies an especial advantage for 
the detection of linkage. Since recessive genes are gen- 
erally more deleterious than dominant, any tendency of 
our back-cross mice to vary in the direction of their re- 
spective parental types can not be attributed to the bene- 
ficial effects of dominant genes. 

Since the purpose of the renewed investigation was the 
demonstration of linkage—if such existed—between 
quantitative and qualitative characters, the back-cross 
generation was used almost exclusively, with in addi- 
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tion, however, a small F, generation. The back-cross 
was made in only one way. Musculus females were 
mated to F, males, all of which in turn were the product 
of musculus mothers and bactrianus fathers. All back- 
cross and F, animals were born between July 10 and 
December 29, 1930. Diet and care were kept uniform 
throughout the experiment. The mice were killed be- 
tween the 181st and the 184th day and the external 
measurements taken immediately after death. The leg 
bones and the skulls were cleaned of flesh by boiling in a 
solution of ammonium, phenol and water. After the 
cleaned bones had dried at least two days in the open air 
the skeletal measurements with the exception of skull 
width (interorbital width) were taken with a Starrett 
bench micrometer to the nearest .01 mm. For skull 
width vernier calipers were used, the value being re- 
corded to the nearest .1 mm. The author personally pre- 
pared all the bones and made all the measurements, thus 
reducing the personal error incident to more than one 
observer and recorder. 

The quantitative characters reported on in this paper 
comprise the following: weight on the first, eleventh, 
thirty-first, sixty-first, ninety-first, one hundred twenty- 
first, one hundred fifty-first and one hundred eighty-first 
day; body length, tail length, skull length, skull width, 
humerus length, femur length, tibia length and cranial 
capacity. These measurements are described in an 
earlier paper by the author (1931a), so detailed descrip- 
tions are unnecessary here. 

As before mentioned, the existence of linkage of size— 
relating to the organism as a whole and not to a particu- 
lar part—with color characters has never been conclu- 
sively proved in mammals. Castle (1929) could find no 
evidence for it in rabbits, nor could Livesay (1930) in 
rats. Among plants, Lindstrom (1926), for example, 
found fruit color linked with fruit size in tomatoes. The 
same author (1929) showed that the number of rows in 
the maize ear was associated in inheritance with several 
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simple mendelizing characters such as cob-color and en- 
dosperm color. These examples, however, are perhaps 
scarcely comparable with the usual situation in mam- 
mals, since they refer to a particular part of the organ- 
ism rather than to the general size, of which weight, body 
length and bone lengths are more or less satisfactory 
manifestations. 

If, in our investigation, the ‘‘tagged’’ musculus 
chromosomes carrying the recessive genes for color also 
possess genes influencing size then the back-cross mice 
with the recessive factors will tend to be larger than 
those with the dominant allelomorphs. If quantitative 
characters are not inherited through chromosomal genes 
or if-no such genes are present on the three chromosomes 
investigated the recessive members of the factor pairs 
will exhibit no tendency to exceed the dominant. Thus 
in determining the presence or absence of linkage, all 
agouti back-cross mice were compared with all non- 
agouti, in regard to each of the quantitative characters. 
Similarly, blacks were compared with browns and in- 
tense animals with dilute. The sexes, of course, were 
considered separately. 

Tables I and II present these mean values as well as 
the means for the total population of that generation. 
None of the mice were used for breeding, so all females 
included were virgins. 

Table III presents a summary of the significant differ- 
ences in adult quantitative characters between the reces- 
sive and dominant members of the factor pairs. A 
difference as great as or greater than four times its 
probable error is considered significant. 

In the matter of weight, brown mice of both sexes are 
significantly heavier than blacks at the age of 181 days. 
A perusal of Table I, however, shows that this condition 
does not prevail at all ages, since in early life the situa- 
tion is reversed, perhaps because of the initial effects of 
the dominant gene. In neither of the other factor pairs 
is there a significant difference in adult weight. 
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Skull length and skull width show no significant dif- 
ferences. 

In humerus length, on the other hand, browns unques- 
tionably surpass blacks. They likewise show signifi- 
cantly greater femur and tibia lengths than do animals 
with the dominant allelomorph. 

Browns significantly exceed blacks in body length. 
Dilute animals, it will be observed, similarly differ from 
intense in body length and probably also in tail length. 

Cranial capacities exhibit only unimportant differ- 
ences. 

The relations of black to brown back-cross animals in 
regard to humerus length, body length and adult weight 
are depicted graphically by frequency polygons in Figs. 
1 to 4. 
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Fic. 1.° Humerus length. Back-cross males. Solid line, blacks; broken 
line, browns. 


From the data in Tables II and III, it is evident that 
several size characters, namely, humerus, femur and 
tibia lengths, adult weight and body length, are influ- 
enced by factors linked with the gene for brown. It also 
appears that other factors influencing body length and 
probably tail length are found on the chromosome with 
dilution. Apparently no special factors affecting skull 
length, width or cranial capacity are located on any of 
the ‘‘tagged’’ musculus chromosomes. 
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Fic. 2. Body length. Back-cross males. Solid line, blacks; broken line, 
browns. 


Since both femur length and tibia length are markedly 
influenced by factors, either common or specific, linked 
with brown, while skull length apparently is not so in- 
fluenced, the two leg bone lengths should prove to be 
more closely correlated than is either with skull length. 
The coefficients of correlation given on page 510 bear out 
this assumption. 


20 


NUMBER OF INDIVIDUALS 


WEIGHT IN GRAMS 
Fig. 3. 181st day weight. Back-cross males. Solid line, blacks; broken 
line, browns. 
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Femur length— Femur length— Difference 


Tibia length Skull length 
Males ........ r=+ .839 + .016 r=+.689 = .029 150 + .033 4.5 
Females ... r=+.841 + .017 r=+.678 + .031 163 + .035 4.7 


A peculiar situation is revealed in the comparison of 
agouti and non-agouti: Mice with the former character, 
which is a dominant and comes into the cross with 
a chromosome from the smaller species, tend to exceed 
non-agouti in size. In no case, however, was this differ- 
ence great enough to reach significance under our crite- 
rion. The agouti gene may have some innate beneficial 
physiologic effect or perhaps it may be linked with other 
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WEIGHT IN GRAMS 
Fic. 4. 181st day weight. Back-cross femates. Solid line, blacks; broken 
line, browns. 


advantageous genes. This may give a clue as to the 
reason for the prevalence of the agouti pattern among 
wild rodents. 

A very small F, generation consisting of only 24 ani- 
mals presents no evidence antagonistic to the findings in 
the back-cross generation, although of course the num- 
bers are too small to be of any significance. For every 
adult size character, the average value of the three brown 
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males and of the three brown females exceeded that of 
the eight black males and of the ten black females, re- 
spectively. 


SUMMARY 


An analysis of the data on the back-cross generation of 
a mouse interspecific cross between large Mus musculus, 
with three recessive color characters, and small Mus bac- 
trianus, with the three dominant allelomorphs, has indu- 
bitably shown an association in heredity between factors 
productive of a large size in several quantitative charac- 
ters and a recessive qualitative character, brown coat 
color. Thus, the fact that size in mice is influenced by 
chromosomal genes can scarcely be questioned any 
longer. To a lesser extent factors linked with dilution 
also affect size in certain characters. 
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THE PROBLEM OF UNFRUITFULNESS IN THE 
CULTIVATED APPLE’ 


Ss. R. HALL 
UNIVERSITY OF VIRGINIA 


Recentiy (’29), Wellington, Stout, et al, made this 
statement concerning the cultivated apple: ‘‘Fruit pro- 
duction is complex and dependent upon many factors. 
. . . The main factors affecting fruit setting may be 
roughly classified into five categories, namely, meteoro- 
logical, pathological, nutritional, sexual and agencies 
effecting pollination.’’ However important the other 
factors may be, we are concerned here chiefly with the 
sexual phenomena. 

Although Ko6lreuter, in 1764 (East ’29), appears to 
have been the discoverer of self-sterility in plants, it 
was not until 1898 that self-sterility (self-unfruitful- 
ness)* was discovered in the apple. Waite (’98) of the 
U. S. Department of Agriculture published an account 
of his experiments upon barren orchards in Virginia. 
He concluded that certain varieties of pomaceous fruits 
were unable to set with their own pollen but that cross- 
pollination was effective in most cases. 

Barring, then, unfruitfulness, due to one or more of the 
causes other than sexual, the problem that Waite pre- 

1 Acknowledgment is due Dr. O. E. White, under whose direction this 
work was done while the writer was a Blandy Fellow at The Blandy Experi- 
mental Farm and a student at the Miller School of Biology, University of 
Virginia. 

2 The terms self-fruitful and self-unfruitful have recently taken the place 
of self-fertile and self-sterile, respectively, in correct horticultural usage. 
‘*Chittenden (’14) recalls that self-fertile in its restricted sense implies that 
viable seed is produced, while in a wider sense, and one that concerns the 
fruit grower, it means that the pericarp or fleshy envelope of the fruit is 
formed. There may or may not be any seeds enclosed within it. He pro- 
poses, therefore, the term of self-fruitful instead of self-fertile for this 
latter class, restricting the term self-fertile only to the cross where seed is 
produced. With this terminology, a fruit tree may at the same time be 
self-fruitful and self-sterile, or self-fruitful and self-fertile.’’ Quotation 
from Einset (’30). 
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sented to horticulturists and later to geneticists was to 
find which apple varieties were self-fruitful and in which 
varieties cross-pollination was necessary. 

Since then, the problem has been worked at diligently, 
and although Waite is undoubtedly correct in several 
cases, a solution to the problem does not seem much 
nearer now than it did then. The statement made by 
Fletcher (1900) seems to be as appropriate now as it was 
thirty years ago, ‘‘Self-sterility (self-unfruitfulness) is 
not a constant character with any variety. It is influ- 
enced by conditions under which the tree is grown. 
... No one can separate varieties into two definite classes 
which are self-sterile. The problem of self-sterility is 
as much a study of conditions as of varieties. We can 
set no limits; we can only indicate tendencies.’” 

East (’29) sums up the present position thus: ‘‘The 
situation appears to be that numerous varieties of ap- 
ples and pears are self-sterile (self-unfruitful)* under 
certain climatic conditions, but are self-fertile under 
other conditions. ... The most disturbing phenomenon 
from the horticultural point of view, however, is the 
fact that self-sterile varieties ordinarily needing to be 
crossed with compatible sorts, if merchantable crops are 
to be produced, sometimes will produce excellent crops 
when the trees are grown in isolated blocks.’’ 

The following table made by Murneek et al (’30) which 
is an excellent summary of the literature for some of the 
most important varieties, shows clearly the inconsistency 
and confusion arising from the results. 

The above table is made from the separate works of 
twenty-five investigators and includes eighteen varieties. 
Of the 115 accounts on these varieties, only 12 show the 
necessary 5 per cent. set for a commercial yield. Con- 
trast the accounts of Vincent of Idaho on Yellow Trans- 
parent (33.6 per cent.) self-fruitful, with Auchter’s of 
Maryland and Morris’ of Washington reports of 0.0 per 


3 From Murneek, et al (’30). 
4 Brackets are mine. 
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cent. The difference in locality can hardly be expected 
to account for so much variation in results. 

Three definite conclusions can be drawn from this 
table: 

(1) Self-pollinated apple trees can not as a rule be 
depended upon to produce a satisfactory crop. 

(2) Some varieties are more self-fruitful than others. 

(3) The inconsistency of results indicate that there is 
some discrepancy in this method of attack and that all 
the factors that enter into the set of the apple are not 
accounted for. 

Hoping to throw some further light upon this complex 
subject, the writer during the years 1928-1929, at The 
Blandy Experimental Farm of the University of Vir- 
ginia, attempted to find the extent of self-unfruitfulness 
“existing among the different apple varieties at hand. 

Following the method in vogue, unopened flowers from 
the varieties te be used as pollen parents were secured 
and left covered in a dry place until the anthers dehisced. 
This pollen was applied with a camel’s hair brush to the 
unopened emasculated flowers of the variety to be used | 
as the female parent. These pollinated flowers were not 
covered since several experiments both by myself and 
others (Sax ’22) have proved that bees do not visit flow- 
ers so treated. Wind pollination is a negligible factor in 
the apple. 

The composite results on self-compatibility for the two 
years are as follows: 


TABLE II 
Of 44 self-pollinated Grimes Golden flowers 2 set or 4.5 per cent. 
York Imperial «¢ set or 2.9 per cent. 
Stark ’s Delicious set or 1.2 per cent. 
Stayman’s Winesap «¢ set or 0.0 per cent. 
Winesap set or 0.0 per cent. 
Baldwin «¢ 1 set or 0.5 per cent. 
Ben Davis 0 set or 0.0 per cent. 


This table except for the results on Baldwin merely 
increases the range of Table I. 


No. 701] UNFRUITFULNESS IN THE APPLE 519 


Howlett (’27) of Ohio eliminated experimental error 
almost entirely in the case of Baldwin, when he enclosed 
one whole tree under a muslin frame with a hive of bees. 
From these self-pollinated flowers he received a 5 per 
cent. set whereas an open pollinated tree nearby gave a 
25 per cent. set. 

The literature on cross-compatibility is even more con- 
fusing and inconsistent than that on self-compatibility. 
A particular variety may be reported as an effective 
pollenizer for another particular variety or group of 
varieties by one investigator and the reverse is found 
by another worker. However they all agree that the pol- 
len of a variety is generally more effective upon the 
flowers of some other variety than upon its own. 

In Table III are summarized the data from my cross- 
compatibility tests. These varieties were intercrossed, 
each with each, but for the sake of briefness and since 
nothing would be gained from a detailed account, the 
data are presented chiefly from the standpoint of the 
pollen parent. 


TABLE III 
The pollen of: 
Grimes Golden used in 213 pollinations gave 9setsor 4.2 per cent. 
York Imperial es se 17.6 percent. 
Stark’s Delicious as 624 174 per cent. 
Stayman’s Winesap 9 4,4 per cent. 
Ben Davis 5 4.5 per cent. 


Except for Grimes Golden the per cent. set was in- 
creased greatly by cross-pollinations. My results to- 
gether with those of more than 100 other investigators 
prove that cross-pollination does increase the fruitful- 
ness of an orchard. 

Crane and Lawrence (’29) have said: ‘‘Sterility in 
fruits is of three fundamentally different kinds: (1) gen- 
erational sterility, due to the failure of any of the proc- 
esses concerned with the normal alternation of genera- 
tions, namely, development of pollen, embryo sac, em- 
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bryo and endosperm, and the relations of these with one 
another and with their parents regardless of the cross 
made; (2) morphological sterility, due to the suppres- 
sion or abortion of sex organs; (3) incompatibility.’’ 


INCOMPATIBILITY 


The above authors, Crane and Lawrence (’29) defined 
incompatibility thus: 

‘*Tn this third form of sterility we are not dealing with 
sterility in the strict sense of the word, as both the 
ovules and the pollen—or at least a good proportion of 
them—are functional. The failure to obtain fruits from 
self- and cross-incompatible pollinations is due to the 
absence of fertilization, the pollen tubes becoming ar- 
rested in the nutrient stylar tissue. On the other hand, 
in compatible pollinations, although the same pollen and 
ovules take part, the pollen tubes travel the full length 
of the style. The male and female nuclei fuse and the 
fertilized ovary develops into a fruit.’’ 

Since Waite’s pioneer work on the relative compati- 
bility of pollinations, probably every variety of com- 
mercial importance has been tested as to self-compati- 
bility and most of them have been inter-tested as to 
cross-compatibility. 

There are probably a few definite cases of complete 
physiological self-incompatibility in the apple (examples, 
Arkansas and Arkansas Black) where the pollen of a 
variety is not capable of inducing fruit formation in its 
own ovary.°® 

This being the case it is only natural to expect that 
there should be cases of physiological cross-incompati- 
bility. However, Florin (’26), Howlett (’27) and others, 
agree that no definite cases of physiological cross-incom- 
patibility have ever been found. 

The work of East and Mangelsdorf (’25 and ’26), Leh- 
mann (’26) and Sirks (’26) all of whom have arrived 

6 Crane and Lawrence (’30) seem to be in doubt as to the existence of 
any cases of complete self-incompatibility. They say: ‘‘As far as our 
investigations go, incompatibility occurs in varying degree but is rarely, if 
ever, completely expressed in apples as it is in plums and cherries.’’ 
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independently at fundamentally the same conclusions 
offers a possible theoretical explanation to this problem. 
Taking, for example, the work of East and his collabo- 
rators on the inheritance of self-sterility in highly 
homozygous tobacco species, they have found that in- 
compatibility is determined by genetic factors just as are 
morphological characters. These factors form a multiple 
series, and in a manner similar to some other Mendelian 
factors any two of them may be carried by a given plant. 
Pollen can not function in the style of a plant carrying 
the same incompatibility factors as the pollen. ‘‘Like 
repels like.’’ Self- and cross-pollinations between indi- 
viduals with the same genetic constitution with respect 
to incompatibility factors fail. 

Following the terminology (Fig. 1) of East and Man- 
gelsdorf (’25) as given by Crane and Lawrence (’29) an 
individual with the constitution S 1 S 2 can not be fer- 


A B 


Fic. 1. Explanation in text. 
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tilized by S 1 or S 2 pollen (Fig. 1A). However, in the 
crossS 182x838 4 both S 3 and S 4 can effect fertili- 
zation (Fig. 1B). 

If the work on tobacco holds equally well for apples 
then the failure to find cases of physiological cross-in- 
compatibility might be explained by the interaction of 
these sterility factors. Though varieties differ markedly 
in respect to heterozygosity, some even practically breed- 
ing true, the chances are strong that the same factors 
for sterility will be found in both the male and female 
gametes on the same plant and hence repel each other. 
In the ease of cross-pollination, even though both parents 
have factors for sterility, the chances are greater that 
compatible gametes will have a chance to function. 
Cross-pollination has been proved to increase the fruit- 
fulness of an orchard. 

By the interaction of these sterility factors, not only 
should we expect cross-pollination to bring together fa- 
vorable gametes but also, due to the highly heterozygous 
condition of the apple, the gametes produced will be of 
numerous genotypes and out of a large number of pollen 
grains there should be some that would be functional 
on their own ovules. If, then, the stigmas are sufficiently 
covered with the pollen, even from the same flower, the 
chances for fertilization are greatly increased. A case 
in point is the Grimes Golden. I have observed that the 
styles of this variety which are longer than the stamens 
bend down as if through some attraction and cover their 
stigmatic surfaces with pollen from the anthers. As 
should be expected this variety, although an early 
bloomer, is a heavy bearer. Most of the self-compatibil- 
ity tests that have been carried out on this variety have 
found it self-sterile. Nevertheless, this is one of the most 
extensively cultivated varieties in the United States and 
is seldom if ever barren. 

Further, as is pointed out in Table IV, ‘‘triploid’’ 
varieties produce notoriously poor pollen, and neglecting 
incompatibility the ‘‘diploids’’ as a rule would be more 
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effective as pollinizers in the field than the ‘‘triploids.’’ 
Crane and Lawrence (’30), however, have shown that 
‘‘the ‘triploid’ combinations have in our experiments 
given even slightly better results in the production of 
fruits than the ‘diploids.’ ’’ They account for this in a 
manner somewhat similar to the case of Grimes above. 
They say: ‘‘Since incompatibility is due to lack of genetic 
differentiation, the good results obtained from the 
‘triploids’ are probably due to a greater variety in the 
gametic output of ‘triploid’ than of ‘diploid’ varieties, 
thereby providing a greater chance of compatible com- 
binations.’’ ‘‘Triploid’’ varieties have been shown to 
be productive in the field, 7.e., Bramley’s Seedling, Bald- 
win and Gravenstein. Crane and Lawrence (’30) point 
out the fact that Bramley’s Seedling is the most widely 
cultivated variety in England. They further add: ‘‘In 
apples, degrees of incompatibility are common even in 
the so-called ‘diploid’ varieties; this may be attributed 
to their secondary polyploid complement (explained be- 
low), which involves a polysomic condition of the incom- 
patibility factors. Every chromosome and hence its 
factors may be represented two or three times in the 
gametophyte which provides a basis for greater variation 
in the number of possible combinations of a given 
factor.’’ 
GENERATIONAL STERILITY 


As defined by Crane and Lawrence (’29) this form of 
sterility is due to the failure of any of the processes con- 
cerned with the normal alternations of generations; 
namely development of pollen, ete. 

For several years it has been noted that the pollen of 
certain varieties was, as a rule, functional in producing 
fruit with most any other variety, if not on the stigma 
of its own flowers. The results set forth in Table III 
show clearly that Stark’s Delicious pollen is more useful 
than Stayman’s Winesap, for example. Because of this 
variation in the effectiveness of pollen, it is highly im- 
portant to know the ability of the pollen of the different 
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varieties to germinate. I tested the pollen from the 
varieties that were used in pollination tests on a 5 per 
cent. sugar medium and found that less than 30 per cent. 
of the pollen grains of Stayman’s Winesap, Baldwin 
(triploid) and Ben Davis germinated. The pollen of 
York and Grimes germinated as high as 70 per cent. while 
that of Stark’s Delicious was as high as 90 per cent. Re- 
ferring to Table III it can be seen that the per cent. 
germination is correlated with the value of a variety as 
a pollinizer. 

Germination tests have received much attention re- 
cently. 

Following is a table from Crane and Lawrence (730). 


TABLE IV 
Chromosome Per cent. pollen 
numbers germination 
Variety 
to 

£ 3S 3 

© Bay 8 

Damason Reinette / 23.0 
45-46 51. ..... 7.0 13.0  0.0-30.0 
Jaques Lebel 40-61... 
Reinette du Canada .......... 51 88-40 40 0.0-30.0 
Ribston Pippin ............... 21.4 0.0-30.0 
Stdfner Rosenapfel 48-49 0.0-30.0 


7 2n. 
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From this table, which contains only ‘‘triploids,’’ ex- 
cept for one case, Lane’s Prince Albert, it is seen that 
all the ‘‘triploids’’ germinated less than 30 per cent. 
The authors have said, ‘‘ Although there is considerable 
variation in the proportion of good pollen among the 
known ‘diploids,’ the worst ‘diploid’ has a much higher 
proportion than the best ‘triploid.’ ’’ 

However, as pointed out above, even though the pollen 
from these ‘‘triploid’’ varieties contains a large propor- 
tion of non-germinating grains, due to the variation 
among them they are in most cases valuable as pollen- 
izers. 

In some cases the poor germination ability of the 
pollen has been accounted for from a cytological stand- 
point. Shoemaker (’25) followed the development of 
apple pollen from the pollen mother cell stage through 
to mature pollen. He found that in those varieties, such 
as Stayman’s Winesap, where the pollen is consistently 
poor, that the reduction division is not regular and a 
number of pollen grains arise which are unbalanced from 
the standpoint of chromosomal content and are not ca- 
pable of germination. 

As far as the writer knows, no work has been done 
on irregularities in development and function of the 
ovules, nevertheless, no doubt what is said of the pollen 
grains is probably also true of the female element. 


PaRTHENOCARPY 


To further complicate matters we find that in the apple 
fertilization apparently’ supplies the requisite initial 
stimulus to fruit development and that even one seed 
need not be the result. Again quoting Crane and Law- 
rence (’30): ‘‘In the apple a single seed is often suf- 
ficient for the development of the fruit, and even this 
seed may be imperfect. This approaches parthenocarpy 
and renders fruit production still less dependent on the 
formation of seeds. In some varieties of apples entirely 
seedless fruits are not uncommon.’’ The theory set 
forth above that the productiveness of ‘‘triploid’’ varie- 
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ties was due to incompatibility factors being over- 
whelmed by the increased gametic variation is not 
strengthened by the fact that Crane and Lawrence (’29) 
have found only 1.3 good seed per fruit in open pollinated 
Bramley’s Seedling. It is the opinion of the writer that 
parthenocarpy has not received the attention it should 
have. 
CHroMosoME NUMBER AND ITs SIGNIFICANCE 


According to Crane and Lawrence (’30), 48 varieties 
have been found to be ‘‘diploid’’ (2 n=34) and 24 have 
been found ‘‘triploid’’ (3 »=51). Hence with an ap- 
parent basic number of 17 all the cultivated varieties are 
orthoploid. Seedlings with an intermediate number 
aneuploid) do arise but have been found by Darlington _ 
and Mo‘sfett (’30) to be of feeble growth and hence would 
be useless in cultivation. 

The ‘‘haploid’’ number of seventeen is an anomaly in 
the Rosaceae, where seven and eight have been generally 
found. Darlington and Moffett (’30), in a brilliant con- 
tribution, bring forth convincing evidence to support 
their conclusion that the primary chromosome comple- 
ment of Pyrus is seven and that in the ‘‘diploid’’ Pyrus 
there is a long type of chromosome which is represented 
four times, while in ‘‘triploid’’ varieties this long 
chromosome is represented six times. In ‘‘diploid’’ ma- 
terial, morphologically, the 34 chromosomes may be 
further associated (called multiple association) into 
seven groups, four quadrivalents and three sexivalents. 
‘‘Pyrus is therefore shown by its chromosome behavior 
to be functionally a ‘diploid’ while historically it is quad- 
ruply tetrasomic and trebly hexasomic.’’ Further evi- 
dence of a primary number of seven is gained from the 
fact that natural seedlings of ‘‘triploid’’ varieties most 
frequently have a chromosome number approximating 
2n+7. The genetical complexity of Pyrus which the 
present paper has tried to emphasize is cited as addi- 
tional evidence. 
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These findings are both significant and practical, as 
the authors point out, because of the fact that the bal- 
anced condition, as found in the majority of the Rosaceae, 
has been tested by the rigors of natural selection, while 
the unbalanced Pyrus has yet to put its destiny in the 
hands of chance. 

They say: ‘‘Since evolution proceeds largely, if not 
entirely, by changes in the balance of the hereditary 
materials, it is plausible that this method of change, the 
extreme of discontinuity, will in one case out of a very 
large number yield (at least with later selection) a prod- 
uct as vigorous and as fertile as its antecedents.’’ 
‘‘Tt must be remembered that the difference between 
balance and unbalance is merely the difference between 
a system that has been tested by natural selection and 
one that has not. The difference therefore depends upon 
chances.”’ 

I should like to point out the fact, however, that there 
is little chance of change in the established varieties, due 
to their method of propagation, and that progress from 
the above source depends mainly upon the breeding and 
selection of seedlings. 
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THE OPAH OR MOONFISH, ZAMPRIS LUNA, 
ON THE COASTS OF CALIFORNIA 
AND OF HAWAII 


DR. E. W. GUDGER 
AMERICAN MUSEUM oF NATURAL History, NEw York CITY 


I HAVE previously published two faunal articles on this 
rare and interesting fish. The earlier (1926) made 
known its first recorded taking in the Gulf of Mexico. 
The second (1930) listed the capture of two new (and 
three old) specimens on our eastern coast and gave 
a figure of the finely mounted skin of one of these. In 
this article I also synthesized the natural history of the 
fish so far as it could be gathered from the widely scat- 
tered literature. 

In the present article I plan to bring together the scat- 
tered published accounts of its occurrence on the Pacific 
Coast and in Hawaii and to add to these a considerable 
amount of unpublished data which has come to my hand. 
Acknowledgment will be made to my informants in the 
body of the text. 


THE OpAH IN CALIFORNIA WATERS 


The published records of the occurrence of this fish on 
the coast of California are very few and very lacking in 
details. Thus Jordan and Evermann say in 1896, ‘‘ At 
Monterey and other places in California. Our specimen 
is from Monterey.’’ This fish is presumably that also 
recorded by Evermann the same year (1896). He did 
not see this specimen (for which no size is recorded) but 
he easily identified it from the description in a letter sent 
him. His informant seems to have seen several speci- 
mens. 

David Starr Jordan in a much later book (1905) said 
that ‘‘the specimen studied by the writer came ashore at 
Monterey in an injured condition.’’ .This possibly is the 
fish referred to by Jordan and Evermann (1896), and it 
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may be the one recorded by Evermann (1896) (but on 
this latter point Evermann writes me, ‘‘ My impression is 
that they were two entirely different specimens’’). Jor- 
dan in the same book (1905) speaks of ‘‘another taken at 
San Pedro Pt. (near San Francisco).”’ 

Very indefinite are Jordan and Starks (1907) who 
merely say, ‘‘Occasionally taken about Santa Catalina. 
Two stuffed specimens were seen.’’ Later Starks and 
Morris (1907) say that ‘‘Mrs. Andrews, of San Diego, 
has a painting of this species from a specimen caught in 
the vicinity. ... There are two skins of the Opah at 
Avalon.’’ Next C. F. Holder (1912) states that four or 
five had been caught near Santa Catalina. He gives two 
good figures (evidently made from photographs) of the 
fish (presumably mounted specimens) but nowhere gives 
any dates of capture, nor any pertinent data as to sizes 
(‘‘attains a weight of 70 pounds’’). This is greatly to 
be regretted since he probably had practically first-hand 
knowledge of these specimens. 

A more definite note is that of Thompson (1924) on 
a specimen brought to the San Pedro market in 1924. 
It was caught about the middle of May, in a mackerel 
net about one mile off Point Fermin. It weighed about 
50 pounds. 

The latest published record from the Pacific coast 
known to me is dated 1929. This (Anon. 1929) is an 
absurdly written popular (?) account of a 97-pound fish 
taken in a net off San Pedro. Its ‘‘diameter’’ (dorsi- 
ventral) is noted as about 3 feet (whether over body only 
or over dorsal and ventral fins is not stated, but probably 
the latter) and its thickness as 2.5 inches (which must be 
an error). 

To these few published records of the opah on the 
southern coast of California are now to be added a con- 
siderable number of unpublished ones. First are two 
which give numerous details, which can be set out in 
tabulated form. The first is a fish seen and carefully 
described on October 22, 1918, by Elmer Higgins, of the 
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U.S. Bureau of Fisheries, who writes of the opah in gen- 
eral that ‘‘I distinctly recall seeing several specimens of 
Lampris on the Southern California coast, usually taken 
in sardine nets which fish in less than 10 fathoms of the 
surface.”’ 

The data referred to were left by Higgins at the Cali- 
fornia State Fisheries Laboratory at Terminal Island 
and were copied and preserved by Thompson. Along 
with these data there is preserved in the same archives 
the detailed record of another Lampris taken off San 
Pedro and brought to the market on May 12, 1924. For 
transcripts of these accounts I am indebted to the kind- 
ness of Mrs. Genevieve Corwin Wheeler, librarian of the 
laboratory. These data and those for the Massachusetts 
fish described in my previous paper are set out in tabu- 
lated form below that comparison may be made between 
the two Pacific fish, and between them and the Atlantic 
specimen. 


COMPARATIVE DATA FOR THREE SPECIMENS oF Lampris luna 


~ 

2 =| 

SiS 

| | 

San Pedro} | 

36 | 33.5 21.8 11.3 | 3.6/1.9] 9.4/48/9.9 
San Pedro | | 

1924........ 36.5 46/20 |10 |36/2 |10 |49|85 
Hyannis, 

Mass., | | 

1928......... | 27.1 | 32 | 16.7 | 8.5 | 2.8/2 |10.1 | 49 | 8.2 | 21 | 14/2 

| | | 


In the table there is but one marked discrepancy, that 
of the divergent count of anal rays. The commonly 
accepted count (Jordan and Evermann, 1896) is 38 to 41. 
Presumably the count of 33 is an error. Additional data 
for which space is lacking in the table are for the 1918 
fish: interorbital space 124 mm (4.9 in.) ; length of ven- 
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tral, 266 mm (10.5 in.) ; pores (7.e., seales?) in lateral line 
about 80, and in the Massachusetts fish about 86; the 
caudal rays were 30. Additional data for the 1924 fish 
are: length of snout, 109 mm (4.3 in.) ; diameter of pupil 
23 mm (0.9 in.). 

I will now present certain very fragmentary data for 
eight other specimens taken around Catalina. These 
data while very imperfect at any rate indicate the rela- 
tive abundance of the fish in these waters. All came to 
me through the kindness of the well-known angler, Mr. 
Andy Martin, of Beverly Hills, California. None of 
these data (covering about 30 years) have been previ- 
ously published. The fish referred to have been 
mounted, and Mr. Martin has seen every specimen save 
one. Notice of these will now be set out. 

There hangs in the Tuna Club at Avalon, Santa Cata- 
lina, a mounted opah measuring 3 feet, 6 inches from tip 
to tip, and 2 feet, 11 inches in depth (over fins?). Its 
weight is estimated at about 60 pounds. The fish was 
taken about 1900. At Avalon, there is another on the 
wall of Joe Cameron’s restaurant, and yet another is on 
display in MacRae’s fishing tackle store. For neither of 
these latter have I been able to get any measurements or 
dates of capture. 

Two others are on display in large stores in Los 
Angeles. I have had no answer to my letter concerning 
the one in the Tuft-Lyons Arms Company. However, 
the B. H. Dyas Company writes that their specimen is 43 
inches (1,092 mm) from tip to tip. The greatest depth 
is 25 in. (635 mm) and dorsal fin is 8.5 in. (210 mm) high. 
The dates of capture for these fish can not be ascertained, 
but both were taken near Catalina. 

Three Catalina fish have been mounted by Mrs. C. B. 
Parker of Avalon, whose letter corroborates Mr. Martin, 
and have been taken elsewhere. One is in Des Moines, 
Towa, and two are the property of Mr. William Wrigley, 
Jr., of Chicago. No data are available for that at the 
Chicago Baseball Park, but Mr. Martin has seen and 
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measured that in the tower room of the Wrigley Build- 
ing. This mounted fish is 1,270 mm (50 in.) long between 
perpendiculars ; 720 mm (30 in.) deep, and the spread of 
the tail is 350 mm (14in.). The depth at the hinder edge 
of the operculum is 508 mm (20 in.). From the tip of the 
snout to the center of the eyes is 203 mm (8 in.) and to 
the hinder edge of the operculum 380 mm (15 in.). The 
dorsal is 240 mm (9.5 in.) high and 508 mm (20 in.) long. 
The length of the pectoral fin is 267 mm (10.5 in.), that 
of the pelvic 267 mm (10.5 in.) and the length of the anal 
356 mm (14 in.). The weight is given on the tag as 160 
Ibs. The fish was taken by market fishermen at Emerald 
Bay, Catalina Island, in 1924. 

In my previous paper it was shown that the opah of 
our north Atlantic coast is a deep-water fish and is taken 
ordinarily on trawl hooks. So far as the records go, on 
the Pacific coast it is taken only on, at, or near the sur- 
face, either in nets or with the gaff. Holder wrote in 
1912, ‘‘It is said that one was taken off San Clemente 
with rod and reel.’? This statement has often been 
repeated and Mr. Wrigley’s specimen is also said to have 
been hooked, but the investigations of Mr. Martin and 
the officials of the Tuna Club prove these accounts to be 
erroneous. None on the southern California coast has 
ever been taken on the hook so far as records go. The 
universal explanation of their capture at the surface at 
Santa Catalina is that they get into cold water and be- 
come more or less disabled, come to the surface and float 
about helplessly or feebly swim into bays where the water 
is warmer—in any case are taken at the surface either in 
nets or with the gaff. 

In my article on the occurrence of the opah on our 
north Atlantic coast I was able to account for five speci- 
mens, or taking into consideration the one on the west 
coast of Florida, a total of six fish. When one recalls the 
intensity of fishing operations from Newfoundland to 
Nantucket, and the length of time they have been carried 
on, one must draw the conclusion that the fish is very 
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rare in those waters. Turning, however, to California, 
there are listed herein six published accounts and two 
scientific records of its occurrence on the southern coast 
of California. Of these eight records, two fish were taken 
at Monterey, one at San Diego and five at San Pedro. 
There are definite records of eight mounted specimens 
taken from Catalina waters. There are then sixteen 
definite records, plus a number of indefinite ones (pos- 
sibly in some cases duplicates of others) of the vuccur- 
rence of Lampris luna in the waters of southern Cali- 
fornia. The contrast between these sixteen records for 
our Pacific coast and the six for our Atlantic and Gulf 
waters is certainly a remarkable one. Further, since 
five of these latter were taken between Newfoundland and 
Cape Cod, that is to say in our northern and colder 
Atlantic waters, it is particularly notable that on our 
Pacific coast there are no records for the Washington and 
Oregon coasts, for the colder Pacific waters. 


A Fosstz MoonrisH SoUTHERN 
CALIFORNIA 

Since the moonfish is now found more abundantly in 
California waters than elsewhere on our coasts, it is 
interesting to note that it was found there in geologic 
times also. Jordan has described (1920) a fossil moon- 
fish three feet long by about two feet deep from beds of 
Miocene diatoms at Lompoc, Santa Barbara County, 
California. He concludes his account with the following 
statement: ‘‘The specimen is one of great interest as 
showing the antiquity of one of the most singular of all 
living bony fishes, and incidentally with other associated 
forms, the relative age of the present fish fauna of 
California.’’ 

However, Jordan refers to this fish as ‘‘a second 
species of moonfish.’’ Then he continues, ‘‘Two smaller 
specimens, apparently of the same species, but lacking 
the head and shoulder girdle, had been previously found 
at Lompoe.’’ <A very indefinite reference led me to find 
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that Jordan and J. Z. Gilbert in 1919 had, from a study 
of a portion of the vertebrae only, described these fish as 
Diatomoeca zatima of the family Pleuronectidae. Fur- 
thermore this identification is repeated by these same 
authors in a later publication (1920). 

However, Jordan in the Scientific Monthly article con- 
cludes that these vertebrae, previously determined as 
pleuronectid, actually belong to Lampris zatima. His 
figure of the nearly complete skeleton leads to the belief 
that this is correctly identified as a Lampris. 


Lampris luna 1x Hawattan WATERS 


This fish is also found in the waters around our island 
possession. The earliest reference (Jordan, 1905, vol. I, 
p. 323, fig. 199) is to the giant of the tribe, a specimen in 
the Honolulu market said to have weighed 317.5 pounds. 
This figure is made from a photograph sent in by Mr. E. 
L. Berndt, who captured the fish near Honolulu. Un- 
fortunately Jordan does not give its dimensions or state 


—After Jordan, 1905 
Fic. 1. An Opah, Lampris luna, photographed by E. L. Berndt in the 
Honolulu Fish Market. Weight listed as 317.5 pounds. 
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how it was taken. Since this is the record opah of the 
world, and since it gives the form and markings in photo- 
graphic reproduction, it is copied here as Fig. 1 to give 
it a wider distribution than can be had in Dr. Jordan’s 
book. 

The next Hawaiian record I find is a very indefinite 
and unsatisfactory one from Jordan and Evermann 
(1905), who merely state that ‘‘Mr. Berndt sends a 
photograph of a specimen of this species, weighing 176 
pounds, taken off Honolulu.’’ One can not but wonder 
if this is not the same fish as that referred to above. Had 
the statements included the dimensions, the matter would 
have been effectually settled. 

Next, Jordan, in the article (1920) on the fossil form 
previously referred to, figures a beautiful cast of a 
Lampris weighing 100 pounds taken near Honolulu. 
Whether this is in the Bishop Museum, Honolulu, can not 
be said. Two years later Jordan and Jordan (1922) in 
their ‘‘Fishes of Hawaii’’ write that: ‘‘An example, six 
feet long, was once taken at Honolulu. It weighed 217 
pounds.’’ This is evidently a repercussion of Jordan’s 
statement in 1905, but inspection of his photographic 
figure with a tall man standing beside the fish will make 
it clear that this specimen was not six feet long. These 
accounts seem to be very much confused. 

Finally Jordan and Jordan (1922, p. 29) say that, ac- 
cording to the Honolulu Star-Bulletin, another Lampris 
was taken in 1922 about 13 miles west of Oahu at a depth 
of 1,200 feet. Dr. S.C. Ball, of Yale University, who was 
at that time connected with the Bishop Museum, writes 
me that he weighed this fish and that it tipped the scales 
at 117 pounds. This is the fish referred to by Fowler 
(1928) as being taken by Japanese fishermen off Waianea 
beach, Oahu, March 10, 1922. It measured 1,185 mm 
(46.7 in.). 

What is the maximum size of Lampris luna can only be 
conjectured. Jordan says, on what authority I can not 
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state, that it attains ‘‘a length of 6 feet and a weight of 
500 or 600 pounds.’’ But it can be stated on the author- 
ity of Baikie (1853) that one captured at Sandey, Orkney 
Islands, was ‘‘nearly six feet’? long. Now the 317.5- 
pound specimen figured by Jordan is certainly not that 
long, and one can only conjecture how much a 6-foot 
specimen of Lampris luna would weigh. 
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McDOUGALL’S LAMARCKIAN EXPERIMENT 


DR. T. M. SONNEBORN 
DEPARTMENT OF ZOOLOGY, JOHNS Hopkins UNIVERSITY 


A REVOLUTIONARY and important conclusion has been 
reached on the basis of experimental results by the emi- 
nent psychologist, William McDougall... As a result of 
training rats to perform a specific task for many genera- 
tions, this investigator claims to have induced inheri- 
tance of a specific modification in their behavior. If his 
data and inferences become established, McDougall will 
have inaugurated a revolution in genetics even more far- 
reaching than the one inaugurated by Muller when he 
increased the rate of mutation in Drosophila by means 
of x-rays. For not only does McDougall claim to have 
induced mutations, but he claims, in effect, to have in- 
duced a progressive series of adaptive mutations. More- 
over, a specific treatment was designed to produce just 
this particular series of mutations and the inference is 
that any one of many series of mutations might similarly 
have been produced by appropriate experimental pro- 
cedures. 

McDougall has frequently invited criticism and discus- 
sion of his work and, in view of the very great importance 
of the issue, this seems highly desirable. With this in 
mind I shall bring together here the impressions the 
work has made on some other investigators and on 
myself. 

Professor F. A. EK. Crew discussed MeDougall’s work 
in the Eugenics Review for April, 1930. He is of opinion 
that the work is free from the commoner errors that 
vitiate most work on the Lamarckian hypothesis, but that 
it is subject to one very serious flaw: namely, the possi- 

1 McDougall, Wm., ‘‘An Experiment for the Testing of the Hypothesis 
of Lamarck,’’ The British Journal of Psychology (General Section), xvii, 


part 4, April, 1927; ‘‘Second Report on a Lamarckian Experiment,’’ ibid., 
xx, part 3, January, 1930. 
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bility that the parent rats, which have been trained to the 
task, communicate to their young something concerning 
the experience they have been through and that this tra- 
dition is built up more and more effectively from genera- 
tion to generation. So that one deals here not with 
genetical inheritance but with ‘‘social’’ inheritance. 

Professor Crew supports his criticism by an account 
of similar ‘‘social’’ inheritance among birds. This sup- 
port for his criticism is really the important thing, be- 
cause McDougall has already considered and rejected 
nearly all, if not all, serious criticisms that could be sug- 
gested. To Crew’s evidence for social inheritance I shall 
add evidence for two other criticisms that have also been 
considered and rejected by McDougall. The first of 
these is the likelihood of inadvertent selection (a eriti- 
cism so frequently made against work of this sort); the 
second, and more important, is the possibility that the 
‘‘improvement’’ in learning in successive trained gener- 
ations is an expression not of genetic differences but of 
differences in the strength of the electric shock used to 
train the rats. 

It will be recalled that the task the rats were trained 
to perform was to escape from a water tank by means of 
an unilluminated gangway and invariably to refuse to 
escape by means of an alternative illuminated one. The 
method used to discourage the rats from using the illu- 
minated gangway was to electrify it so that each time a 
rat attempted to use it, the rat would get a shock. 
Twenty-three generations of rats were trained by means 
of such shocks to avoid the illuminated gangway. In the 
later generations the rats required very much less train- 
ing—that is, fewer shocks—to learn this than they had 
required in the earlier generations. Although the ex- 
periment is still in progress and the published data are 
merely preliminary reports, McDougall feels that they 
can only be interpreted as evidences of Lamarckian 
transmission. 

The shocking apparatus was such that, according to 
McDougall, there was unavoidable variation in the 
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strength of the primary current, the behavior of the in- 
terruptor, and the kind of contact made by the rats. In 
order to discover whether the difference in mean number 
of shocks necessary to train the experimental and the 
control groups of rats might be due to these variations in 
the strength of the shock, one of McDougall’s associates, 
Dr. Rhine, used three definitely different intensities of 
shock in attempts to train representatives of the last 
(23rd) generation of trained rats and of a ‘‘control”’ 
group (ancestors trained for only four generations). 
Dr. Rhine found in both groups that the heavier shocks 
trained more quickly than the lighter shocks. Neverthe- 
less, the rats from the last (23rd) generation of training 
made a very much better record even when trained by 
application of light shocks than did rats of the ‘‘control’’ 
group when trained by application of a heavy shock. In 
view of the fact that McDougall believes all his shocks to 
have fallen within the range of medium to heavy, he con- 
cludes that variations in the shocks as he applied them 
could not be very important in determining the mean dif- 
ference between the ‘‘control’’ rats and the experimental 
rats. This conclusion seems sound. 

These data may be viewed, however, in a somewhat dif- 
ferent way. Instead of comparing the records made by 
the last trained generation with the records of the ‘‘con- 
trols,’’ the records of the last trained generation when 
trained by means of the three definitely different intensi- 
ties of shock by Dr. Rhine may be compared with the 
records of the same generation when trained by Mc- 
Dougall. Dr. Rhine’s results are given in terms of num- 
ber of days of training required before learning; Pro- 
fessor McDougall’s results are given in terms of number 
of errors made before learning. Either of these data can 
be converted into the terms of the other with a fair de- 
gree of correctness on the assumption (justified by their 
data) that, before learning, the rats go, on the average, 
as frequently to the wrong gangway as to the right one. 
It is known that each rat gets six trials per day. In 
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Table 1, I have converted Dr. Rhine’s data so as to be 
comparable to the data of McDougall and his assistant, 
Mr. Heck. 

TABLE 1 


COMPARISON OF THE RESULTS OF DIFFERENT INVESTIGATORS USING 
DIFFERENT INTENSITIES OF SHOCK 


2 
° 
McDougall Heavy to medium 23 26 25 
Rhine Heavy 23 4 27 
Rhine Medium 23 4 54 
Rhine Light 23 4 (i 
Heck ? 14, 15, 16 25 75 


Dr. Rhine’s data, given in terms of number of days of training required 
to teach the rats, have been converted by the present author (as explained 
in the text) into terms of number of errors made by the rats before 
learning. 


This table shows that Dr. Rhine found the mean num- 
ber of errors (27) made by the rats when trained with 
heavy shocks to be only half as great as the mean (54) 
for the same generation of rats when they were trained 
with medium shocks. Furthermore, the mean found by 
McDougall (25) is very close to the mean found by Rhine 
when using the heavy shocks. These two comparisons 
indicate that McDougall was working at the upper limit 
of his shocking intensity on this generation and that, had 
he worked at his lower limit (medium shocks), he prob- 
ably would have obtained a mean of about 54 errors. A 
mean of this magnitude is greater than any mean re- 
ported for the last seven of the ten generations included 
in the 1930 paper, with the single exception of the 18th 
generation with a mean of 62 errors. 

I group together the records of the last seven genera- 
tions to contrast them with the records of the three pre- 
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ceding generations, for three reasons: First, there is an 
abrupt change in the records as one passes from the 
earlier to the later group. The average number of errors 
for the first three generations (generations 14, 15, and 
16) are 80, 70, and 73, respectively. For the next seven 
generations (with the exception of the 20th generation, 
for which data are not reported) the averages are 46, 62, 
47, 37, 36, and 25, respectively. Secondly, the records of 
the earlier group of generations do not fall within the 
range obtained by Dr. Rhine with his medium to heavy 
shocks, although the records of the later group of genera- 
tions do (with the single slight exception of the 18th gen- 
eration, as noted above). Third, the earlier group of 
generations was trained not by McDougall, but by an 
assistant, Mr. Heck; the later group of generations was 
trained by McDougall himself. 

There is much to indicate that the marked difference 
between the records of the generations trained by Mr. 
Heck and the records of those trained by Professor 
McDougall may be due not to genetic differences, but to 
differences in the intensity of shocking. McDougall 
states that all his own shocks fell within the range 
medium to heavy; but he makes no statement about the 
intensity of shock used by Mr. Heck. If we assume that 
Mr. Heck used a shock corresponding roughly to that 
designated as light in Dr. Rhine’s data, then the means 
for the three generations trained by Mr. Heck are very 
close to what would be expected. They are 80, 70, and 
73 errors, respectively, yielding a mean of 75 errors for 
all three generations together. Dr. Rhine’s mean for 
light shock on the last generation (see Table 1) was 77 
errors. The surprising agreement between Heck’s re- 
sults on the three earlier generations and Rhine’s results 
with light shock on the very last generation; and the 
agreement between McDougall’s results on the later gen- 
erations and the results obtained by Rhine with medium 
and heavy shocks on the last generation, in connection 
with McDougall’s statement that his own shocks varied 
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within the limits medium to heavy, raise serious doubt 
as to whether any of the differences between the means 
of the ten successive generations reported in the later 
paper (and these are the only generations for which com- 
parable data are available) can be considered as expres- 
sions of genetic differences. Indeed, all these differences 
could equally well, if not better, be interpreted as due to 
differences in the intensity of shock administered to the 
rats. 

Although it seems to me highly probable that the in- 
crease in facility in successive trained generations was 
largely due to increase in the strength of shock employed, 
the same result could have been brought about by inad- 
vertent selection. MeDougall found that, without differ- 
ences in antecedent training, there were still differences 
in learning ability between different rats; and, further, 
that differences in learning ability were hereditary. 
Thus, selection of the more apt would result in increase 
in facility in the course of generations, without any 
training at all. McDougall’s interpretation of his re- 
sults, therefore, requires that there should be two sepa- 
rate and distinct ways of producing the same result: 
increase of facility producible by selection of the more 
apt and the same result producible by inheritance of the 
effects of training. Since it is known that selection can 
be effective and it is highly problematical whether inheri- 
tance of the effects of training can be effective, it seems 
possible that the increase in facility found in the experi- 
ment may be due to the method known to be effective. 

The method employed to prevent favorable selection 
was to select at random usually two individuals from 
each litter before training began; these animals were 
then trained and bred and all litters born after training 
were equally represented in the selection made for train- 
ing and breeding in the next generation. One naturally 
wonders how the two animals selected from each litter 
were taken at random. Though not mentioned in his 
published papers, it has been reported that Professor 
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McDougall stated that this random selection was made 
by opening the cage and taking the first two animals that 
came to hand. It has been suggested by an experienced 
breeder of rats that this procedure made a selection of 
the most active and clever rats inevitable, because it is 
always the more active and clever ones that come to the 
door at once to see what is going on. 

There is, moreover, further evidence of selection. In 
the first place, throughout the experiment, all runts and 
obviously weakly animals were rejected. Secondly, in 
the early generations, at least, the presumption is strong 
that selection was not guarded against as carefully as it 
was later, because McDougall obtained a new sample of 
rats for the purpose, as he himself says, of seeing what 
results would be obtained when special attention was 
given to the matter of selection. This new sample con- 
stituted his ‘‘control’’ group. Thus the superiority of 
the later trained generations to the new ‘‘control’’ stock 
might well be interpreted as due partly or largely to 
favorable selection for several generations in the one 
stock and the careful avoidance of favorable selection 
from the start in the other stock. 

Even in the later trained generations (14th to 23rd) 
there are several facts which indicate that selection was 
not completely avoided. In the first place, in each of 
these generations, as many as three rats were incapaci- 
tated by shock from further training and reproduction. 
Were the rats thus eliminated the worse rats, so far as 
facility goes? It seems that such must have been the 
ease on the basis of mere chance alone. For, if any par- 
ticular shock was as likely as any other to result in the 
incapacitation of a rat, those rats that required most 
shocks in order to learn would be more likely to get one 
of these specially severe shocks than those which learned 
quickly. Obviously, rats which learned after three 
shocks wuuld have much less chance of receiving such an 
unfortunate shock than those which required three hun- 
dred shocks. It seems probable that the rats eliminated 
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in each generation by fatal shocks were, on the average, 
the worse rats. 

Furthermore, there is clear evidence that not all the 
individuals trained in any one generation were repre- 
sented by descendants in the next generation. From the 
data presented by McDougall, there is no way of telling 
whether the ones thus eliminated were the worse ones, 
the better ones, or intermediate ones. McDougall merely 
states that ‘‘all litters born of trained parents were 
equally represented in the next generation.’’ The ques- 
tion then arises: did all trained parents produce litters? 
This question can be definitely answered for the 11th, 
13th, and 21st generations. In order for every individ- 
ual to be represented by at least one descendant, the 
number of individuals trained in the parent generation 
must have been not more than twice the number trained 
in the next generation. For, if the sexes are equally rep- 
resented among the parents, then the least number of 
matings possible which includes all parents is half the 
number of the parents; so that the least number of litters 
is also half the number of the parents, and if only one 
individual is selected from each litter, the least number 
of offspring is also half the number of the parents. If 
the sexes were not equally represented in the parent gen- 
eration, there would have to be a correspondingly greater 
number of matings, litters and offspring for each parent 
to be represented by at least one descendant. McDougall 
does not state the distribution of the sexes in his groups, 
but granting the best possible case, namely an equal rep- 
resentation of the sexes and the representation of each 
parent by only one descendant, it is still possible to 
demonstrate that some trained parents must have been 
unrepresented by descendants. Thus, there were 41 
animals trained in the 11th generation and only 16 in the 
12th generation. So that, at the very best, not more than 
32 of the 41 animals trained in the 11th generation were 
represented by progeny. Similarly, from the facts that 
23 animals were trained in the 13th generation and 10 in 
the 14th generation, it can be stated with certainty that 


| 


No. 701] LAMARCKIAN EXPERIMENT 049 


at least three of the 23 animals trained in the 13th gen- 
eration were not represented by progeny. Likewise, it 
can be shown that at least 2 of the 34 rats trained in the 
21st generation were not represented by progeny. 

The preceding calculations are based on the assump- 
tion that only one individual from each litter was trained. 
McDougall states that usually two individuals from each 
litter were trained. If two individuals were trained, 
then the number of trained rats in any generation should 
at least equal the number trained in the preceding gen- 
eration in order to give equal representation to all 
trained parents. On this basis, at least 25 of the 41 ani- 
mals of the 11th generation, 13 of the 23 animals of the 
13th generation, 4 of the 10 animals of the 15th genera- 
tion, 6 of the 22 animals of the 18th generation, and 18 
of the 34 animals of the 21st generation were not repre- 
sented by progeny. 

Thus, it is definitely certain that some trained individ- 
uals of some generations were not represented by trained 
descendants and it is highly probable that many more 
were not. The question of importance is: Which ones 
were not represented? McDougall states that either the 
individuals to be bred were chosen before training began 
or the best and worst rats of each litter were selected to 
be parents of the next generation. Nevertheless, it is 
highly desirable to know what the records of the previ- 
ously chosen rats actually turned out to be. In the ma- 
jor experiment, pedigrees are not given so that it remains 
uncertain as to how great a part inadvertent selection 
played. 

Some light on the importance of selection may be ex- 
pected in MeDougall’s next report, because he is now 
conducting what promises to be an illuminating experi- 
ment. He is deliberately selecting the worse half of the 
animals in each generation to be the parents of the next 
generation. As he quite justly feels, a marked increase 
in facility in successive generations even against strongly 
unfavorable selection will be strong evidence for his 
claims of Lamarckian transmission. 
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As the work now stands, however, there is one point 
(already briefly mentioned above) that requires further 
consideration, namely the very great difference between 
the later. trained generations and the ‘‘controls.’’ It has 
already been pointed out that selection among early gen- 
erations of trained rats and careful avoidance of selec- 
tion among ‘‘controls’’ might account for much of this 
difference (see page 547). McDougall ascribes this, 
however, to the effect of many generations of training, ° 
on the one hand, as opposed to few generations of train- 
ing, on the other hand. This conclusion is based on the 
assumption that the ‘‘control’’ and experimental stocks 
were genetically similar with respect to the characteris- 
tics upon which facility in their task depends. In sup- 
port of this assumption there is only the fact that the 
control stock was obtained, as was the experimental 
stock, from the Wistar Institute Standard Inbred Stock. 
The former, however, were obtained in 1927, the latter, 
in 1920. For seven years the two stocks were bred hun- 
dreds of miles apart. 

It is, of course, not at all clear that the two stocks were 
genetically identical with respect to the characteristics in 
question, even in 1920. McDougall found large differ- 
ences between individuals and between families in these 
respects in the early generations of his experimental 
stock. There are, moreover, no data for the early gen- 
erations of the experimental stock that are strictly com- 
parable with those obtained seven years later in the 
‘‘eontrol’’ stock. The conclusions drawn from a com- 
parison of these two stocks are thus subject to serious 
criticism. 

In the continuation of his work it is to be hoped that 
Professor McDougall will be able to give a definite ex- 
perimental answer to each of the alternative interpreta- 
tions that have been suggested by his critics. Happily, 
each of these criticisms is susceptible of definite experi- 
mental test. Only when these have been made can his 
very important conclusions be considered as fully borne 
out by his evidence. 


SHORTER ARTICLES AND DISCUSSION 


PARASYNAPSIS AND APPARENT CHIASMA 
FORMATION IN OENOTHERA 


THE behavior of the chromosomes of Oenothera during the 
second contraction in the prophase of meiosis is rather obscure. 
Various authors (Cleland, 1922, 1924, ete.; Hakansson, 1928; 
Weier, 1930; Leliveld, 1931; and others) agree that the chro- 
matic threads thicken greatly during this contraction from which 
the fully formed ‘‘diakinesis’’ chromosomes eventually emerge. 
During this process the identity of the chromosomes as indi- 
viduals is obscured by the massing of threads. It is believed 
by some authors (Hakansson, 1926; Cleland, 1926; Illick, 1929) 
that the two sides of the loops thrown out from the second con- 
traction knot may represent side-by-side pairing of homologous 
(parts of) chromosomes, but it is impossible from the figures 
seen to determine the extent of individual chromosomes. My 
own observations on various species of Oenothera agree with 
those of the other investigators except for the case to be 
described. 

In a permanent smear preparation (Nawaschin, crystal vio- 
let) of a single bud of an Oenothera species not yet described, 
the microspore mother cells were in various stages ranging from 
early second contraction through late ‘‘diakinesis.’’ The dia- 
kinesis figures showed that this plant had seven free pairs of 
chromosomes. In six cells from a single pollen sac the chromo- 
somes, which were in a comparatively thin thread-like stage, 
were more or less evenly distributed throughout the nucleus so 
that they appeared distinct and separate. These chromosomes 
showed a marked side-by-side pairing. They strongly resembled 
typical parasynaptic chromosomes of a corresponding stage in 
other organisms. Chromosomes of these six nuclei are illus- 
trated in Figs. 1 to 6 and in the photomicrographs. 

There was some evidence (see especially Fig. l-a) that the 
chromosomes were in the four-strand stage. Such appearances 
are difficult to illustrate accurately, and I am not convinced that 
the figures conclusively showed this condition. Appearances of 
chiasmata were evident, but it seems impossible in this material 
to be sure that they actually are true chiasmata (7.¢., a cross 
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Fics. 1 to 6. Camera lucida drawings (x 2600) of chromosomes of six 
nuclei showing parasynaptice conjugation. 


Figs. 7 and 8. Photomicrographs of the nucleus drawn in Fig. 2. 
Fic. 9. Photomicrograph of some of the chromosomes drawn in Fig. 1 
(all x 880). 


3) 
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between two of four strands). In another cell of the same pollen 
sac appearances of chiasmata were noted, but in this case the 
chromosomes were much thinner and longer and it was impossible 
to determine the extent of any chromosome pair. 

The six nuclei referred to were in a stage generally included 
in late second contraction. The features described for these cells 
are not ordinarily discernible because of the massing of the 
threads about the nucleolus. It is probable that these features 
occur commonly in all oenotheras and were seen distinctly in 
this case only because the preparation was unusually favorable. 

In the published literature of the Oenotheras there is a single 
figure that shows the features described here (Hakansson, 1928, 
Fig. 2-d). This figure represents a megaspore mother cell of 
Oe. Lamarckiana, which had a ring of 12 chromosomes and one 
free pair. The free pair shows strong side-by-side pairing with 
appearances of chiasmata. Certain arms of the ring chromo- 
somes which project from the knot illustrate a similar condition 
which by analogy may be taken to represent parasynaptic pair- 
ing of the homologous regions of the chromosomes constituting 
the ring. This interpretation was tentatively advanced by 
Hakansson. 

Hakansson (loc. cit.) found seven to be the maximum number 
of loops thrown out from the second contraction knot in the 
megaspore mother cells of Oe. Lamarckiana, while Weier (1930) 
found thirteen such loops in the pollen mother cells of the 
same species. Both authors conclude that the constriction 
between two adjacent chromosomes of the ring should occur 
approximately in the middle of the loop. It seems to me that 
one should not expect to find a constant number of such loops 
in these figures, since some of the loops should be included in 
the relatively large amount of chromatin in the tighter part of 
the knot. If one could obtain figures of Lamarckiana showing 
all the chromosomes as distinctly as they were seen in figures of 
another species reported in this paper, he might expect to find 
_a star-shaped structure with twelve arms and a free pair (see 
discussion of Belling’s translocation hypothesis in Darlington, 
1929, and in Emerson, 193la). Genetical findings have shown 
that crossing over occurs both in pairing chromosomes and in 
chromosomes in large rings (Shull, 1923a, b; Emerson, 1931a, b). 
It follows, on the assumption that chiasma formation and cross- 
ing over are related phenomena, that appearances of chiasmata 
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should be found in arms of the ring chromosomes (during second 
contraction) as well as in the pairing chromosomes. The figure 
of Oe. Lamarckiana found by Hakansson (referred to above) is 
in agreement with this expectation. 

In connection with such rarely observed parasynapsis in 
Oenothera, it should be remembered that Schwemmle (1926) 
found indications of parasynapsis in one series of preparations 
in Eucharidium in which the various processes connected with 
reduction progressed slowly, while in another series, in which 
the process was more rapid, only the ‘‘telosynaptic’’ appearances 
commonly found in Oenothera were observed. 


STERLING EMERSON 
CALIFORNIA INSTITUTE OF TECHNOLOGY, 
PASADENA 
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CHROMOSOME STRUCTURE IN DROSOPHILA? 


THE findings of Muller and Painter (1), Painter and Muller 
(2), and Dobzhansky (3, 4, 5) to the effect that discrepancies 
occur between the genetical and cytological maps of Drosophila 
melanogaster, recommends a critical study of the organization of 
the chromosomes of that genus. The present writer has applied, 
therefore, to Drosophila those methods found satisfactory for the 
preservation of the more intimate details of the structure of 
plant chromosomes (6). Two species of Drosophila have been 
studied, D. melanogaster and D. virilis. Chromosomes of somatic 
and meiotic mitoses have been investigated, but especial attention 
has been directed to the organization of the spiremes in such 
large nuclei as those of the salivary glands. The present report 
will be followed by a more detailed account. 

Well-fixed somatic nuclei show the spiremes to be composed of 
two optically differentiated substances, designated as chromatic 
and achromatic. The latter stains faintly with iron hematoxy- 
lin; the former is, by contrast, hematoxylin avid. Many prepa- 
rations reveal the spireme as apparently discoid, with alternating 
bands of chromatic and achromatic material. <A similar obser- 
vation has recently been made by Kostoff (7) in D. melanogaster. 
Although the chromatic cross-striations often appear as single 
bands, favorable technique reveals that this aspect is due to the 
close approximation or lateral fusion of a pair of narrow threads. 
Both single and double bands are portrayed in Figs. 1A and 1D, 
the former a portion of the spireme of D. virilis, the latter of 
D. melanogaster. In other preparations, or even in other por- 


1 Presented to the Biological Section of the Alabama Academy of Sciences, 
March 13, 1931. 
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B 
Fic. 1. Structure of the spireme in Drosophila. of eross- 
striations in D. virilis; B—chromonemata in D. melanogaster ; C—chromo- 
nemata in D. virilis ; D—cross-striations in D. melanogaster. B and C are 
regarded as presenting a more accurate picture of the normal structure 
than A and D. All from camera-lucida drawings. 


tions of some nuclei in which the discoid appearance is observed, 
the continuity of the chromatic material is evident, in the form 
of parallel spiral bands. These are embedded peripherally in 
the achromatic matrix. Figs. 1B and 1C illustrate such organi- 
zation in portions of the spiremes of D. melanogaster and D. 
virilis, respectively. It will be noted in both of the figures that 
the double spirals are fused in places, to give the appearance of 
a single thread. Because of the continuity which they maintain, 
the chromonemata are assumed to represent the gene-carrying 
material, a possibility suggested by Muller in 1916 (8). 

The probable relationship of cross-striations to chromonemata 
has been discussed extensively by several writers, particularly 
in reference to the spireme in the salivary glands of the dipteran, 
Chironomus, and to the arrangement of the chromatic material 
in the monocotyledon, Tradescantia. Without renewing the 
arguments presented elsewhere (9), it is the opinion of the 
writer, based on a critical study of the chromonemata in plant 
chromosomes, as well as in Drosophila, that the appearance of the 
discoid or discontinuous structure is the expression of an inade- 
quate technique, the spiral bands presenting a more accurate 
picture of the normal arrangement of the chromatic material. 

It has not been possible to trace the chromonemata through the 
entire mitosis, as the writer has done in several plants, because 
the more compact metaphase and anaphase chromosomes of 
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Drosophila do not reveal distinctly their internal structure. 
However, the moniliform outline, and a median vacuolar region 
oceasionally seen in these chromosomes, suggest the presence of 
spiral bands. Such intimations of internal organization are 
commonly viewed in metaphase and anaphase plant chromosomes, 
although more favorable preparations disclose the chromonemata 
at these stages. 

The presence of chromonemata in Drosophila may aid in ex- 
plaining the discrepancies between the genetical and the cyto- 
logical maps. If, at the time of crossing-over, when the genetical 
maps are determined, the chromonemata are entirely extended, 
or nearly so, and if in the more compact chromosomes, from 
which the cytological maps are determined, the chromonemata 
are tightly or unevenly coiled, there is presented a mechanism 
which permits the maintenance of the linear order of the genes 
and at the same time allows considerable variation in the seale 
of their distribution from one region of the chromosome to 
another. Translocations, as seen in metaphase plates, could 
therefore be of slight size visibly and yet contain a relatively 
large portion of a very tightly coiled thread. Conversely, a 
larger fragment with a loosely wound or, extended thread, might 
represent only a few units genetically. Certainly the coils, 
where discernible, vary considerably in pitch from one region 
to another. This factor, coupled with those variations in the 
diameter of the chromosome, and consequently in the helix dur- 
ing different turns (see Fig. 1), suggests the possibility of 
considerable variation between measurements made along the 
chromonemata and those made along the greater axis of the 
chromosome. 

Dobzhansky (4), commenting on the fact that the third chro- 
mosome of D. melanogaster, when seen cytologically, appears 
thinner at the middle and rather thickened at the ends, states, 
‘‘This may suggest that the distances between the genes located 
far from the spindle fiber are shorter when the chromosome is in 
the metaphase-plate stage than they are in the stage when 
crossing-over takes place.’’ Whether the discrepancy between 
genetical and cytological maps is too great to be accounted for by 
the different diameters of the different parts of the third chromo- 
some, as Dobzhansky (3) concludes, remains to be investigated 
in the distribution of the chromonemata in that chromosome. 


BERWIND P. KAUFMANN 
UNIVERSITY OF ALABAMA 
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THE MULTIPLE SOMATIC EFFECTS OF THE BAR 
GENE IN DROSOPHILA MELANOGASTER? 


INTRODUCTION 


As a result of the extensive studies on the character ‘‘bar”’ 
eye of Drosophila, carried on in this laboratory, and the tendency 
which was noted for this stock to revert to full or mutate to 
ultra-bar, the question arose as to the exact extent of the somatic 
changes produced by a change in this gene. When the ger ° that 
produces the bar eye is lost, or doubled, what other parts + the 
body are correlated with this change? What are the multiple 
effects of the single gene? 

Grateful acknowledgment is here made to Dr. Charles Zeleny, 
of the University of Illinois, for his suggestions and for the 
opportunity to work on this problem under his guidance; to Dr. 
David H. Thompson, of the Natural History Survey, for helpful 
criticisms and permission to use unpublished data; to Dr. A. H. 
Sturtevant, of the California Institute of Technology, for the 
bar stocks used in the experiment (since the writer was in Cali- 
fornia during part of the course of selection of the stocks) ; and 
to Dr. Theodor Dobzhansky for the forked bar and the forked 
ultra-bar which he had derived from it for his own experiments. 


MATERIALS AND METHODS 
The material used in this investigation consisted of two strains 
of red-eyed bar flies—one with straight bristles and one in which 
the bristles were forked. From each strain, mutations to ultra- 
bar and reversions to the full or normal-eyed condition were 


1 Contribution from the Zoological Laboratory of the University of Illi- 
nois, No. 397. 
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obtained, and stocks established so that it was possible to check 
the results obtained with one series against the other. 

The problem under discussion is concerned only with the 
somatic effects and no effort was made to demonstrate any physio- 
logical relationship between the bar genes and the condition of 
ultra-bar (which Sturtevant calls ‘‘double-bar’’) or reverted full, 
which is attributed to the absence of the bar gene. The somatic 
determinations were checked against facet count, and consisted 
of measurements of different parts of the body—such as head 
width, wing length and width, haltere length; bristle counts of 
rows of acrostical hairs, cireumocular and ocellar hairs; also a 
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determination of the proportionate size of the median ocellus, 
which fluctuates as compared with the two lateral ocelli which 
do not change. 

While it is obviously impossible to eliminate all the modifying 
factors, or to prevent new modifiers from arising during the 
course of an experiment, the stocks were rendered as homogeneous 
‘as possible by inbreeding for the bar strains, and by taking the 
most recent mutations or reversions for the ultra and full-eyed 
groups. 

Parent flies were bred at 25° C. and the experimental offspring 
from such parents were isolated, as they emerged, and made up 
in pair matings for each eight-dram vial for the full and bar-eyed 
strains; with two-pair matings for the ultra-bar because of its 
lower fertility. An effort was made to have all the flies used of 
the same age, thereby minimizing the factor of age. The flies 
were placed in the 27° incubator after they had been transferred 
to fresh food, the media used being banana-agar with a pinch of 
dry Yeast Foam; and as soon as the number of eggs laid in any 
one vial approached twenty, the parents were removed. More 
than twenty flies in this size vial results in overcrowding and 
unsatisfactory food conditions for the larva (as shown by Eigen- 
brodt and others) ; while fewer than that number are unable to 
keep down the growth of the yeast long enough for their own 
developmental period. 

As soon as the larvae had pupated and new flies hatched out, 
they were isolated and preserved in 75 per cent. alcohol. All 
counts and measurements were made on flies which had been so 
preserved. 

In all, 100 flies were counted from each stock, 50 males and 50 
females, and the averages given are the results of these measure- 
ments. 

The possible source of error due to the development of acces- 
sory modifiers during the course of the experiment has been 
mentioned. The temperature was controlled automatically and 
was subject to a change of less than 0.5° C. in either direction 
from 27°. In order to reduce the personal error, recounts and 
checks were made on a great many of the measurements. 


RESULTS 


The results of this study are summarized in the accompanying 
tables, which have been arranged so that a comparison is made 
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between the females of the straight and forked strains, and in 
like manner the males—instead of comparing the males with the 
females in each group, as there is a marked sexual dimorphism. 

Since the original difference observed between the several 
strains was the number of facets each possessed, facet count has 
been taken as the basis for comparison. Full, bar and ultra flies 
are sharply marked off from each other, with no overlapping in 
facet number. The facet count of the females is noticeably less 
than that of the males. The forked strain closely approaches the 
straight-bristled stock in this respect. 

Correlated with facet count is the width of the head, since the 
entire head width is measured and this is increased by the size 
of the compound eyes in full. The full-eyed flies of both sexes 
had a much greater head width than the bar or ultra-bar flies. 


TABLE I 
AVERAGES BASED ON MEASUREMENTS OF 100 FLIES—50 MALES AND 50 
FEMALES FROM EAcH STOCK 
(In units of 18.4 microns) 


Facet Head Haltere Thoracie Wing 
counts width length length width 


47.88 14.12 56.56 51.70 
34.66 13.46 49.38 48.82 
.35 == 10 0S .32 
. 700 45.92 14.14 54.94 51.30 
62.98 35.54 13.56 53.22 49.94 
+ .66 10 16 == AG 
17.30 34.62 13.00 49.88 47.60 

Full 750 43.72 13.82 49.14 45.80 
1.60 == 07 == 
Bar 99.30 35.16 13.56 46.94 44.88 
Ultra 18.78 32.20 12.54 44.46 43.80 
750 42.64 13.74 48.92 45.74 
87.44 34.02 13.14 46.60 44.70 
19.78 32.18 12.66 45.50 43.72 


+ 
w 

+ 
It 
It 

+ 
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The haltere length of bar again places it in an intermediate 
position between full and ultra, although the forked and straight- 
bristled strains are nearer together here than in any other single 
measurement. 

Sexual dimorphism is shown by a comparison of the size of 
the males and females of all groups. Particularly does thoracic 
length contribute to making the females much larger than the 
males. Correlated with the thoracic length is the size of the 
wings—especially the wing length. 

Wing width was measured to include its greatest diameter 
from the Vth longitudinal vein to a point directly across and at 
right angles to its length. The wing length was measured from 
the anterior cross-vein to the tip of the I1Ird longitudinal. 


TABLE II 
AVERAGES BASED ON MEASUREMENTS OF 100 FLIES—50 MALES AND 50 
FEMALES FROM Stock 


Ocellar Circum- Acrostical Sizeof 


Wing : 
Semeaett hair ocular hair median 
oe number hairs number ocellus 
76.24 6.26 53.90 16.54 .93 
22 + .04 14 10 
73.62 6.88 49.86 17.60 
72.62 7.14 45.40 18.06 05 
32 se 31 07 
Morked 76.20 5.84 43.10 15.94 91 
+ .08 ate 138 == .07 
73.40 6.30 39.16 16.24 74 
72.56 6.68 36.66 16.58 12 
+ .30 3 .28 
Full 67.12 5.96 52.14 16.28 82 
+ 20 + .68 == 
Bar . 65.28 6.30 47.78 17.72 .68 
.30 + .05 .26 = 
Ultra 64.20 6.88 43.12 18.02 05 
.29 .28 S07 
Forked Full ....... eae 67.12 5.88 40.96 15.96 .93 
+ .08 se 13 207 
65.20 6.20 38.28 16.22 84 
= 206. 16 == 505 
64.48 6.92 34.96 16.34 -08 
ete ate .24 + .04 
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The place of the missing ocellus in ultra-bar is not infrequently 
taken by one or more ocellar hairs; and the number of the latter 
stands in inverse relationship to the number of facets present. 

Essentially the same thing is shown, though to a less striking 
degree, by the number of rows of acrostical hairs found in the 
different stocks; while the reverse holds true for the rows of 
circumocular hairs immediately surrounding the compound eye. 

The size of the median ocellus is very closely associated with 
the factor for bar, so that one can almost tell by its size alone 
to what strain the fly possessing it belongs, since it is largest in 
full and smallest or even altogether lacking in ultra. The lateral 
ocelli do not change in size and were used as the basis for com- 
parison, the median ocellus being understood to be in a per- 
centage ratio to the lateral ocellus next to it. 


CoNCLUSIONS 

The basis for an interesting speculation as to the extent of the 
developmental effects of single genes is provided—when the single 
gene for ‘‘bar’’ produces so marked a change as the reduction 
in facet count from 700 or more in full to less than a hundred 
in bar. 

The single striking change is in the inhibition of the facet- 
forming substance, but correlated with it are other less marked, 
but perfectly definite and consistent somatic changes. As might 
be expected, these are most pronounced in the head region and 
in association with the eye itself; the width of the head, which 
is directly affected by the size of the eye, the size of the median 
ocellus and the number of ocellar hairs. 

One of the criticisms made of the mutation theory of evolution 
is that it is inconceivable that there should be proper physiologi- 
eal correlation of organs if each part has arisen by an indepen- 
dent mutation. This is based upon a misconception of the 
extent of the somatic effects produced by a single gene change, 
for, as may be seen from the data herewith presented, even where 
one part is especially modified, other effects are evident in a 
great many parts of the body. 

In this case the one known difference between the stocks was 
the factor governing facet-formation, and evidently the factor 
which places the bar stock in an intermediate position between 
full and ultra exerts a similar influence on practically all mea- 
surable parts of the body. ‘‘Full’’ predominates in everything 
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except the ocellar bristle number and the number of rows of 
acrostical hairs. In these latter instances the relationship is 
reversed, although bar still retains its intermediate place. 

Incidentally, in working with the forked and straight-bristled 
strains certain differences were noted between them. 

The conclusions to be drawn from these observations may be 
summed up as follows: (1) The somatic effect of the bar gene is 
primarily: a reduction in facet number; (2) when this effect is 
doubled, as in ultra-bar, the facet number is again appreciably 
reduced; (3) head width, haltere length, thoracic length, wing 
length and width, and size of the median ocellus are directly 
correlated with the facet count; (4) while the number of rows of 
acrostical hairs and the ocellar hair number are in inverse rela- 
tionship; (5) in almost every respect the forked bristled flies 
are smaller than those with the straight bristles; (6) proof of 
the wide-spread somatic effects produced by a single gene change 
is shown by the fact that observations made upon either the 
forked or straight-bristled strain are substantiated by similar 
observations upon the other. 

RutH ANDERSON 


EXPERIMENTALLY INDUCED ALTERATIONS OF THE 
MORPHOLOGY OF CHROMOSOMES 


THE recent experiments with X-radiations (Painter and 
Muller 1929, Dobzhansky 1929) show that striking alterations 
in the morphology of chromosomes are obtainable in this way. 
An analogous treatment was also applied in the Cytological 
Laboratory of the Institute of Plant Industry (Leningrad) to 
the seedlings of Secale cereale, Crepis capillaris and to some 
other plants with similar results. Fragmentations, losses of 
chromosome parts, and translocations of parts from one chromo- 
some to another were observed some days after treatment. Three 
figures selected from among numerous observed conformations 
may serve as illustration. 

In a plate of Secale cereale (Fig. 1) two out of 14 chromo- 
somes—consisting normally of two well-developed arms—are 
provided only with oval heads, which probably represent the 
remaining parts of their respective arms, the major parts of the 
latter being lost. 
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Fig. 1. Secale cereale. Nuclear plate from a seedling treated with x-rays. 
Two chromosomes are provided with heads. 


In one plate of a treated Crepis capillaris (Fig. 2) chromosome 
A’ shows a newly formed secondary constriction, chromosome D 
is deprived of the greater part of its large arm, and on the con- 
trary chromosome C’ is considerably lengthened—evidently at 
the expense of the translocated part of chromosome D. 


4 


D 


Fic. 2. Crepis capillaris Wallr. Nuclear plate of a seedling treated with 
x-rays. The constrictions are achromatic. 


In a second plate of the same species (Fig. 3) the long arm of 
chromosome A is fragmented. Chromosome A’ is fragmented at 
its constriction. Both separated arms have formed little heads 
and constrictions and so have turned into two new types of 
normally constituted chromosomes. 
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Fig. 3. Crepis capillaris Wallr. Nuclear plate of a seedling treated with 
x-rays. 


There is no doubt that various other agents can produce 
similar effects—as we have found by means of alcohol treatment. 
The most interesting alteration we have obtained is represented 
in Fig. 4. Chromosome D’ has augmented its head but lost its 
satellite, chromosome C’ on the contrary has diminished its head 
but acquired a satellite. 


Fig. 4. Crepis capillaris Wallr. Nuclear plate of a seedling treated with 
dilute alcohol. 


The chromosome changes described above happen under ap- 
parently normal conditions as well. A number of diverse con- 
formations have been observed by us in an individual of Crepis 
tectorum. A rather complex case is representd in Fig. 5. One 
sees here 10 chromosomes instead of 8—some of them being short 
fragments, which are nevertheless provided with constrictions 
and heads. 
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VIX, 


Fie. 5. Crepis tectorum L. Altered nuclear plate from a plant grown 
under apparently normal conditions. 


It therefore seems quite reasonable to suppose that large and 
sudden alterations of chromosome morphology can take place in 
the process of evolution. 

G. LEwITzxy, 
in collaboration with 
A. ARARATIAN, 
J. MARDJANISHVIL, 
H. SHEPELEVA 


CYTOLOGICAL LABORATORY OF THE INSTITUTE OF PLANT INDUSTRY, 
44 HeRzEN STREET, LENINGRAD (U.S.S.R.). 


THE EFFICIENCY OF THE CORRELATION 
COEFFICIENT FOR ESTIMATING 
LINKAGE INTENSITIES 


A sEArRcH for a rapid and reliable method for estimating link- 
age intensities led Y. Takezaki (6) in 1925 to propose a formula 
based on the method of treating the fourfold table of phenotypic 
frequencies as a correlation table. Working quite indepen- 
dently, F. V. Owen (5) developed the same method in 1928. 
Both authors presented tables to facilitate the rapid calculation 
of linkages by this method. 

In the F, generation of a cross between parents with two 
factor pairs differing there are to be expected, normally, four 
classes of zygotes. These may be designated AB, Ab, aB and ab. 
If the number of individuals obtained in-each of these four 
classes is designated as a, b, ¢ and d, respectively, and the total 
number observed as n, the value of r? (derived originally for 
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the fourfold table by Boas (1), Johannsen (4) and Yule (7) is 
given by 
(ad — be)? 
r=(atb) (e+d) (ate) (b+d) 
For a, b, ¢ and d we may now substitute the values of their 
expectations in terms of the proportion, p, of the AB and ab 
gametes, namely 


I 


We then have 
r= II 
From whence 
p=} Vv III 
if r is taken to be positive when ad exceeds be. This is the 
formula derived by Takezaki (6) and Owen (5). 

The cross-over percentage, expressed as a decimal fraction, 
will then be given directly by p when crosses are made in the 
repulsion phase and by 1—p when made in the coupling phase. 

Takezaki derived a formula for the standard error of his esti- 
mate of p from the assumption that the standard error of r, 
obtained from the fourfold table by equation II, could be 
equated to the standard error of a correlation coefficient derived 
from a normal frequency surface having the same number of 
observations. This mistaken assumption has led to the precision 
of this method of estimating linkages being greatly overesti- 
mated. On Takezaki’s assumption the standard error of his 
estimate of p may be calculated as follows: 

The variance of r (V,) from a product moment correlation 
coefficient is 


V (p*) = av (r) 
Then 
Vp) =o 
To obtain the variance of p we divide the variance of p” by 4p? 


9 (1-r*)? 
or V(p)= 64 pn 


And the standard error of p is 
3 (1-r*) 
8pVn 


IV 


n 
| 
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Fisher (3, p. 249) has given a general method for calculating 
the sampling variance (standard deviation squared) and thence 
the standard error of any estimate expressible explicitly in 
terms of the frequencies. The method involves the differential 
coefficients of the function in question with respect to each ob- 
served frequency and to the total, n. Applying this method to 
the problem of deriving the true standard error of p we proceed 


as follows: 
ad — be 


\ V (atb) (ate) (b+d) (e+d) 


Substituting in the general equation (3) 

where r is the value calculated from the fourfold table and p is 
here, for each class of zygotes, the probability of an F,, individual 
falling in that class. Differentiating, we obtain 
or d ad — be 
0a V(atb) (at+c) (b+d) (c+d) ((a+b) (ate) (b+d) (¢+d) 

(atb+at+e) (b+d) ) 
2y(atb) (ate) (b+d) (e+d)) 


d 
~ V (a+b) (at+e) (b+d) (e+d) 


VI 


+ 

c 


VII 


or -b 
de ~ y(atb) (ate) (b+d) (e+ d) 


01 1 

ah 

Ob V(atb) (ate) (b+d) (¢+d) b+d 
( 1 


a ( 1 1 ) Ix 
V(atb) (ate) (b+d) (c+d) \btd etd 
Since the expected frequencies in the four classes are equal to 
2+0,1-06,1-0 0) 
("4 4 °4 4 § 
where §=p?’, we now substitute these values for a, b, ¢ and d in 


equations VI, VII, VIII and IX, respectively, and obtain 


x 

3n 0 3 3 9n 

3n n 3 3 9n 

(1-6) _2 (14+ 50) XII 
3n n 3 3 9n 

3n n 3 9n 


Since n does not appear explicitly —~=0. Substituting the 


values in equations X to XIII in equation V, squaring and 
multiplying by the expected frequencies 


. 

) VIII 
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= vir) (2+ 0) +2 (1-6) (1+50)?+ 810 (1-6) 
or V(r) (1-6) (1+ 250 86°) 
9 
Since V(6) = 
(1-0) (1+ 250 86°) 


V(6) = 


The variance of \/6 or p, will then be 
(1-6) (1+ 250-86") 
36n0 
and the standard error of p may then be expressed conveniently 
1—-p*) (1+ 25p*—- 8p* 
P*) p*) xv 

Fisher (2) has also shown that the method of maximum like- 
lihood, in the theory of large samples, will in all cases give a 
standard error as small as possible. The efficiency of the corre- 
lation method can then be tested by dividing the variance for 
the maximum likelihood method (3, p. 250) by that of the corre- 
lation method. This quantity, 

20 (1-0) (2+0) (1-6) (1+250-86°) _ 180 

(1+ 26)n 9n ~ (1420) (14+ 250-86") 
will then give a measure of the efficiency of the correlation 
method for all values of 6 (=p?). The result is shown graphi- 
cally in Fig. 1, as well as the apparent efficiency given by the 
sampling error deduced on the assumption of a normal correla- 
tion surface as given in equation IV. 

It is seen readily that the curve for the actual efficiency of the 
correlation method calculated from the correct formula, equa- 
tion XV, does not exceed 100 per cent. for any possible values 
of p, from 0 to 1, in accordance with the general theory. The 
eorrelation method is fairly efficient in the coupling phase and 
for loose linkage in repulsion. For close linkage in repulsion it 
is not efficient. Since there are other formulae (3), such as the 
maximum likelihood method and the product ratio method, 
which are efficient for all values of p, it would seem preferable 
to use these formulae in most cases. 

The error formula based on the incorrect method of treating 
the fourfold table of phenotypic frequencies as a normal fre- 
quency surface gives more than 100 per cent. efficiency in the 
coupling phase, which is obviously impossible. It is only for 
the value of p=.50 that this formula is correct. 


xIV 


XVI 
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Graph showing actual efficiency of correlation method for estimating 
linkage intensities and its apparent efficiency when the standard error of 
the correlation is incorrectly calculated. 


For close linkage in coupling the two recombination classes, 
b and ¢, may be very small. In fact, recombinations in b or e 
may be entirely lacking. Under such conditions the theory of 
large samples breaks down and some of the efficient statistics 
fail. For close linkage b and e¢ will be small numbers, either of 
which may be zero, while a and d will be approximately } and 4 
of the sample respectively. 

If b and ¢ are small compared with a and d, then r may be 
expressed as 


=1-3(b+e)(< +5), 


b 
neglecting squares and products of i ete. 


Then 
4-3/2 (b+e)(= +3) 


1 1 
=1-3/16 (b+e)(=4+5 
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to the same approximation. Putting the limiting values a=3n 
b 
and d=4n in the expression, p=1- ==. This is the same 


result as is given for this case by Emerson’s method and by 
maximum likelihood. 
Contrast the product method 
(1-p*)*? be 
p(2+p*) ad 
When b is 0 and ¢ is not, cross-overs must have occurred, and 
yet 1-p is estimated to be exactly zero, which is manifestly 
wrong. It would seem, therefore, that the product ratio method 
should not be used when the observed numbers in the b and ¢ 
classes are very small, 7.e., less than a total of about ten. For 
very close linkages in coupling when b and ¢ are small the maxi- 
mum likelihood, Emerson’s or the correlation method would 
be preferable to the product ratio. The maximum likelihood 
method might claim a theoretical advantage since it is efficient 
for all values of p. 
F. R. Immer? 
Fellow of the National Research Council 
ROTHAMSTED EXPERIMENTAL STATION, 
HARPENDEN, HERTS., ENGLAND 
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ON THE OCCURRENCE OF TRICHOCORIXA KIRKALDY 
(CORIXIDAE, HEMIPTERA-HETEROPTERA) 
IN SALT WATER AND ITS ZOO-GEO- 
GRAPHICAL SIGNIFICANCE 


IN spite of the considerable literature on the mechanisms by 
which animals and plants might be dispersed, too little attention 
has been given to the physiological feasibility of the methods of 
distribution invoked to explain wide and discontinuous ranges. 
The following records appear to indicate a case where dispersal 
by ocean currents is within the limits of physiological possibility 
and may be legitimately offered as an explanation of a very wide 
and remarkable distribution. 

Trichocorixa Kirkaldy is a genus of water-boatmen of wide dis- 
tribution in South, Central, and southern North America. Sev- 
eral forms are recorded from the West Indies and the genus 
would appear to have a distribution typical of many groups of 
Central or South American origin were it not for a single species 
which ranges right across the Pacific from California to China. 
The following notes deal with this form, 7. wallengreni (Stal), 
and its close Eastern ally, 7. verticalis (Fieb.). 

During fisheries investigations in Delaware Bay in 1929 Mr. 
Albert E. Parr, curator of the Bingham Oceanographic Founda- 
tion, Yale University, obtained two living J specimens of T'richo- 
corixa verticalis (Fieb.) associated with typical marine plank- 
tonic organisms in tow-nettings taken at stations 48, north of 
Brandywine Shoal, salinity 24.90 per mille (June 18, 1929) and 
63, salinity 29.34 per mille (June 18, 1929). Although drowned 
flies and other insects were frequently met with in the surface 
plankton of this region, no specimens of living and apparently 
healthy insects other than thesé two corixids were obtained. 
T. verticalis occurs commonly in ponds near the sea in Cape May 
County, N. J., and is recorded from Connecticut, Pennsylvania, 
Georgia and the West Indian Islands of Cuba and St. Thomas 
(Lundblad, 1929). 

Mr. Richard M. Bond, Bishop Museum fellow of Yale Univer- 
sity, has forwarded for determination a number of specimens of 
‘the closely allied Trichocorixa wallengrent (Stal) taken in 
‘“strong brine from salt works at Elkhorn Slough,’’ Monterey 
County, Cal. (10th November, 1930). Both sexes as well as im- 
mature individuals occurred in this locality, which otherwise is 
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inhabited only by the typical halobionts Dunaniella, Artemia and 
Ephedra. Trichocoriza wallengrent was originally described 
from California, but recently Lundblad (1929b) has shown that 
Corixa blackburni Buch.-White from Hawaii is synonymous and 
has also recorded the species from Shanghai. This transpacific 
distribution is probably unique among waterbugs; the Hawaiian 
records strongly suggest that it is to be explained by dispersal 
across the Pacific Ocean, rather than by an Alaskan-Siberian 
land-bridge. TZ. wallengremi or its eggs might possibly be trans- 
ported in damp salt, but the species has clearly been established 
for some time in Hawaii (C. blackburni was described by Buch- 
anan-White in 1877) and a natural method of dispersal seems 
more probable. Since it is clear that the species can stand salini- 
ties considerably above those of the sea it is not inconceivable 
that specimens might travel by the Northern Equatorial Current 
from California to Hawaii, and from Hawaii to China. Insects 
of this family being less dense than water when surrounded by 
their air bubble, this method of distribution would involve a 
minimum of effort. 
G. Evetyn Hutcuinson 


OSBORN ZOOLOGICAL LABORATORY, 
YALE UNIVERSITY 


LITERATURE CITED 
Buchanan-White, F. 
1877. ‘‘Descriptions of Heteropterous Hemiptera Collected in the 
Hawaiian Islands by the Rev. T. Blackburn.’’ No. I. Ann. 
Mag. Nat. Hist. (Ser. 4), xx, p. 110. 
Lundblad, O. 
1929a.‘‘Uber einige Corixiden des Berliner Zoologischen Museums.’’ 
Archiv. f. Hydrobiol., xx, p. 296. 
1929b. ‘‘ Beitrag zur Kenntnis der Corixiden II.’’ Entom. Tidskrift, 
1929 (1), p. 17. 


1 Since the above was written, Dr. H. B. Hungerford kindly informs me 
that he has specimens of Trichocoriva from the Galapagos Islands and 
that he has frequently received specimens of the genus ‘‘from saline waters. 
The exact salinity of the water, however, has never been available.’’ 
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